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FOREWORD 


This  report  was  prepared  by  personnel  of  American  Cyanamld  Company, 
Organic  Chemlc&ls  Division,  Bound  Brook,  N.  J.  The  Contract  Monitor  was 
Captain  Donald  R.  Mars ton  of  the  Ocular-Thermal  Branca,  Radiobiology 
Division. 

The  research  was  performed  under  Project  Number  778A.  It  was  funded 
by  she  USAF  School  of  Aerospace  Medicine  under  Contract  No  FA1609-71-C-0019. 

work  was  accomplished  between  3  May  1971  and  15  Jtily  1972.  This  report 
was  submitted  for  publication  on  October  2,  1972. 

The  principal  investigator  wae  Allan  £.  Sherr.  The  major  work  on 
producing  the  goggles  and  cast  sheet  as  well  as  the  evaluations  in  plastic 
was  done  by  Robert  J.  Tucker.  The  major  synthetic  effort  on  this  contract 
was  done  by  Mrs.  N.  A.  Weston,  Miss  R.  A.  Greenwood,  Dr.  P.  J.  Balling  and 
Dr.  W.  F.  Cordes,  III.  Miss  Greenwood  assisted  in  plastic  evaluation  and 
spectral  searches  for  near  Infrared  absorbing  species.  The  Cd^SnO^  work 
was  done  by  Dr.  A.  J.  Nozik  of  our  Stamford,  Connecticut  Research  Laboratories. 

The  principal  investigator  expresses  his  gratitude  for  the  excellent 
cooperation  and  assistance  of  these  individuals,  as  well  as  that  of  the  staff 
at  Che  USAF  School  of  Aerospace  Medicine. 
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ABSTRACT 


Plastic  goggli’s  were  produced  %ihlch  offer  protection  against  several 
lasers.  The  goggles  have  a  minimum  optical  density  of  at  least  3  at  0.3-0.^, 
0.84,  0.78-1.76  and  2.755  to  14.0  ym  and  at  least  4  at  1.06  ym.  Cast  plastic 
sheet  was  prepared  which  had  similar  protective  capabilities. 

Over  300  organic  comp  unds  were  evaluated  and/or  synthesized  as  possible 
near  Infrared  absorbing  compounds.  Several  of  these  structural  systems  offer 
promise  for  laser  protection. 

The  compounds  were  evaluated  in  a  variety  of  plastics  Including 
cellulose  propionate,  polymethyl  methacrylate,  polycarbonate,  t.  .>lyethylene 
terephthalate ,  and  polyvinyl  chloride.  The  propionate  and  met’,  cryliite 
were  the  polymers  of  choice  for  most  of  the  work. 

Cadmium  stannate  was  investigated  as  an  absorber  and  m/.s  shown  to  have 
some  Interesting  spectral  properties. 

A  discussion  is  presented  on  the  correlation  between  structure  and 
spectral  properties  of  several  of  the  compounds  studied. 
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PLASTIC  MATERIALS  FOR  EYE  PROTECTION  FROM  LASERS 


I.  INTRODUCTION 

Purpose  of  the  Study 

This  program  was  undertaken  to  develop  an  ophthalmlcally  acceptable 
personnel  filter  that  could  be  used  as  spectacle-goggles  or  as  flight-helmet 
visors.  The  filter  was  to  provide  protection  at  wavelengths  of  Interest 
for  Q-swltched,  normal  pulse  and  continuous  wave  lasers.  The  filter  was 
to  be  a  fixed  absorbing  filter  composed  of  a  plastic  base  material  containing 
suitable  absorbers  for  giving  the  desired  protection. 

Background 

Additional  ocular  protection  Is  required  with  the  advent  of  .  operational 
laser  systems.  While  an  "omnlprotector”  Is  a  most  desirable  concept,  it  is  not 
presently  feasible  at  the  current  state  of  knowledge.  American  Cyanamld 
Company  had  previously  developed  plastic  filter  compositions  which  could 
provide  protection  against  Individual  lacer  systems,  or  selected  combinations 
of  laser  wavelengths  (1-6).  but  had  not  been  able  to  provide  protection  against 
a  very  wide  variety  of  laser  systems  in  one  unit.  In  addition,  American 
Cyanamld  Company,  and  its  subsidiary,  Glendale  Optical  Company,  had  experience 
in  providing  plastics  which  absorbed  infrared  rays  end  nuclear  flash  radiation 
(7,  8). 

It  was  agreed  that  the  research  emphasis  for  the  filters  would  be  put 
on  the  following: 

1.  Absorption  (O.D.)  of  3  or  higher  from  1-10  pm  wavelength. 

2.  O.D,  of  4  at  the  0.694  pm  and  1.C6  pm  wavelengths  (the  requirement 
for  protection  at  0.694  pm  vjas  later  deleted). 


3.  Luminous  transmittance  of  65Z  or  better,  where  luminous  trans¬ 
mittance  is  defined  as  the  transmission  of  electromagnetic 
radiation  in  the  range  between  380  and  780  nanometers  weighted  by 
the  spectral  sensitivity  of  the  eye. 

A.  The  filter  material  should  be  moldable  or  formable  into  various 

configurations  such  as  vlscrs  for  aircrew  helmets,  safety  spectacle- 
goggles  for  ground  personnel  and  sheeting  for  applicable  enclosures. 

5.  All  the  filter  requirements  to  be  put  into  one  filter  material 
if  possible. 

6.  Possible  use  of  polycarbonate  as  a  plastic  base. 

Priority  was  to  be  given  to  the  items  in  the  order  listed. 

It  must  be  emphasized  that  laser  testing  of  the  filter  materials  developed 
was  not  part  of  this  effort.  These  tests  should  be  performed  before  any  of  the 
filters  are  utilized  for  personnel  protection! 

There  were  two  major  difficulties  foreseen  at  the  outset  of  this  work. 

The  first  was  attainment  of  65%  luminous  transmittance  while  achieving  an 
optical  density  (O.D.)  of  A.O  or  better  at  both  0.69A  pm  and  1.06  pm  as  well 
as  optical  density  of  3  or  better  from  1,0  through  10  pm. 

Table  1  summarizes  the  optical  properties  of  laser  protective  spectacles 
prepared  under  Contract  FA1609-69-C-0055;  Tables  II  and  III  show  the  optical 
properties  of  the  two  laser  protective  visors  prepared  under  this  previous 
Contract  (6).  This  previous  reseerch  indicated  that  a  luminous  transmittance 
of  65%  would  be  difficult  to  obtain  while  simultaneously  achieving  optical 
densities  of  A  at  0.&9A  pm  and  1.06  pm.  With  the  present  state  of  our  knowledge, 
we  would  expect  to  achieve  a  luminous  transmittance  of  25-30%  maximum  when  the 
protective  filter  has  an  optical  density  of  4  or  higher  at  both  0.694  and  1.06  pm. 
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lU>le  1 


Lxer  Protective  Spectacles 


Optical  Density 

Whyelfaigth.  vm 

4 

1.06 

3.7 

0.840 

4 

0.6943 

2.3 

0.671 

1.2 

0.6328 

4 

0.530 

5.5+ 

0.5145 

5.5+ 

0.488 

5.5+ 

0.300-0.400 

Liodnous  Transalttance  -  24-26Z 


Table  II 


Laser  Protective  Visor.  Filter  Type  A 
Optical  Density  Wavelength,  i» 


Color; 


3. 5-4.0 

1.06 

3. 5-4.0 

0.840 

3. 5-4.0 

0.530 

3. 5-5. 5+ 

0.5145 

3.5-5. 5+ 

0.488 

3. 5-5. 5+ 

0.300-0.400 

Orange;  Luminous  Transmittance: 

42-50Z 

Table  Ill 


Laser  Protective  Visor,  Pliter  Type  > 

Optical  Density  Ha»elen»t-b.  ja* 

5.5  0.6943 

3.3-3.5  0.671 

1.7-1.9  0.633 

3.5  0.200-0.400 

Color:  Blue;  Luainous  Transalttance:  50-53Z 

The  second  aajor  difficulty  vould  be  to  obtain  an  O.D.  of  3.0  or  better 
in  the  range  1.5  im  through  2.5  wa.  Figure  1  Indicates  that  a  Meodyaiua- 
Galllua  Arsenide  filter  does  not  offer  protection  beyond  1. 1  iia.  Figure  2 
shows  that  the  plastic  IRerd  welding  filters  <1o  not  have  optical  density  of 
3  or  better  fron  1.85-2.5  ua  even  though  they  do  offer  protection  frm 
1.0  '<ia  through  2.5  pa  in  terns  of  welding  arcs.  Fron  2.5  ua  to  6.0  ua 
our  '-xperience  indicates  that  the  plastic  aedia  Itself  will  provide  an 
optical  density  of  3  or  better,  this  protection  could  even  extend  beyond 
10.0  ua.  Little  is  known  about  absorbers  for  the  region  1.8-2. 3  ua;  thus 
first  research  eaphasis  would  be  placed  on  evaluating  candidate  coapounds  to 
absorb  in  this  spectral  region. 

Other  problems  anticipated  were:  the  actual  casting  of  plastic  sheet 
to  fom  visors;  molding  of  the  spectacles;  compatibility  probleas;  stability 
of  the  plastic  systems  to  heat,  light,  weather,  lasers,  etc. 
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11.  KESDLTS 


4.  4b>ortcrs 

ifatcrials  abamcbiag  ia  tfte  1.0>3.0  »a  r^ioa  cf  the  iafrared  spectroi 
with  aa  appccciahle  cxtiactioa  coeff icieat  are  gieaczally  those  cgapoowds 
shidi  aadcrgo  optical  iatecvaleacc  tcaasfer.  Optical  intervaleace  traaofer 
caa  be  <<efiaeid  as  as  optical  traositioa  iawolviag  a  tcaasfer  of  ao  electroe 
fraa  aa  esseatially  Iccalired  site  to  aa  adjaceat  oae,  where  the  donor  and 
acceptor  are  aecal  ions  possessing  note  dian  oae  accessible  oxidatlan  state. 
These  crassltiflas  can  occur  between  aeral  ic«is  of  the  sane  eieaenr  (hoaonaclear) 
or  between  aetal  ioas  of  different  eleaents  (hecercedclear). 

Soae  systeas  tdiich  nndergo  optical  transitions  in  the  regica  cf 
interest  are  sham  by  stractnres  1-Vll. 


Z  eiioals  C>JiCS,  C^(CS)^,  R  eqwals  CF^.  CK 
OS.  RC,  R^liC,  RjP  Z  equals  C,  -1,  -2 

n  equals  2.  3 

Mi  above  can  be  any  aetal  ion. 

I  II  111 
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M^^^(NU2)gCuCl5 
H  *  Co,  Cr,  Rh,  Ru 


IV 


RilUCH-CH)  CH«fclJ 
z  n  z 

R  is  an  alkyl  or  aryl  group 
VII 


Work  with  complexes  of  Type  I  has  been  done  by  Tackier  (9).  Models 

/ 

of  this  system  are  already  familiar;  namely,  dithiocarbamates,  xanthates, 
dithiophosphates,  dithlophosphinates  as  nickel  or  zinc  complexes. 

Type  IJ  species  have  been  prepared  and  studied  by  liolm  (10),  Cray  (11) 

and  Schrauzer  (12).  The  flexibility  of  the  Type  II  species  is  great.  The 

species  are  capable  of  redox  reactions,  the  ease  of  which  Is  determined  by 

R.  Hence,  desirable  spectral  properties  might  be  enhanced  or  decreased  by 

varying  Z.  One  theory  holds  that  electron  density  around  the  metal  is 
relatively  constant,  while  oxidation  cr  reduction  occurs  by  electron  transfer 
in  or  out  of  low-lying  ligand  antibonding  orbitals.  M  has  been  varied,  i.e., 
Fe,  Co,  Hi,  Pd,  Pt,  Re,  W,  Mo. 
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fie  eeteiird  the  lype  ii  specie  farther  to  Inelade  other  hetero  atoas  soch 
as  asjgCB  or  nlttogcn.  L'sing  a  simple  topology  argiausit,  Schraozer  (13) 
soggested  chat  those  Ugatnl*  containing  ea  "even**  nnaber  of  vertical  a 
orbitals  shocld  be  preferred  over  those  llganns  containing  an  **cdd"  ind>er 
of  vertical  a  orbitals.  Ibis  systen  of  classlficatioa  is  based  on  die 
knovledge  that  an  **odd*  unsatnrated  ligand  systen  will  tend  to  exist  as  a 
■onoaaion  doe  to  die  presence  of  a  nohbonding  singly  occnpied  a  ■olecolar 
orbital  according  to  its  energy  level  diagras.  Since  there  are  no  odier 
low-lying  a  moiomlar  orbitals  present,  the  **odd'‘  ligands  do  not  accept 
additional  electrons,  and  as  a  result,  fon  netal  complexes  which  do  not 
dkow  near-infrared  absorption  bands.  It  has  been  shown  in  die  case 

of  the  foor-aton  "eves"  ligands,  that  the  lowest  unoccupied  a  nolecular 
orbital  is  only  weakly  antibonding,  if  the  two  atons  at  positions  and 
of  the  butadiene  fraaework  are  rulfur. 

A  diagran  depicting  this  concept  is  shewn  below. 


j 


*7 


It  thnnlo  be  poiated  out  diet  Z  may  equal  oxygen,  R-sabsticate£  cLtrogen, 
aolfur,  or  ctiabi nations  of  these  groups.  This  diagran  indicates  chat  the 
basic  ditbiodiketone  structure  ^nay  also  exist  as  the  nono-aaion  or  the 
dlanioct'!^  . 

Type  Ill  is  sore  recent  (14)  but  uas  appealing  since  the  authors  clain 
the  sulfur  dielates  can  be  readily  prepared  by  3abstituti'»  of  oxygen  in 
acetylacetooe  by  sulfur  012^).  Because  of  the  nany  possibilities  existent 
with  Types  II  and  III,  these  were  cnphasized  during  the  coarse  of  this 
investigation . 

Conpounds  of  Type  IV  were  describcad  by  Allen  and  Hush  (13).  Ue  had 
done  sone  work  with  Type  V  conpounds  earlier  (5)  and  these  were  attractive 
caudldates. 

The  biterrocenes  Type  VI,  were  reported  by  Kaufuan  and  Cowan  (16). 
Biferrocene  plcrate  (structure  Vlll)  bad  broad  near-infrared  absorption  over 
the  region  1. 4-2.0  pa  with  a  uaxinurt  located  at  1.85  pn  (e  =  445).  Kaufuan 
and  Cowan  (16)  tentatively  assigned  this  to  an  electron-transfer  transition 
between  the  -hi  and  +3  Fe  atons  in  the  ni'^ed  valence  salt  of  oiferrocene. 
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VIII 


It  is  veil  knoim  that  certain  dyes  which  aggregate  due  to  interactions 
with  each  other  and  their  envirooRent  will,  in  the  aggregate  state,  give 
rise  to  bastd  splittings  of  the  electronic  absorption  spectra  r^ulting  froa 
intexwolecular  eacitonic  bands  which  way  shift  to  shorter  and/or  longer 
wavelengths.  In  the  carboqranine  dyes.  Type  VII,  the  shift  to  longer  wave¬ 
lengths  (0.05  to  0.1  pe)  is  found  both  in  solution  and  in  the  solid  state.  In 
particular  in  the  solid  state,  aggregation  has  been  shown  to  increase  the 
light-fastness  of  the  dye.  The  coapoimds  of  this  type  that  we  considered 
were  the  3,3’-dieth7l-9,ll;  15,17-dineopentylene  thia-n-carbocyanine  iodides 

(below).  These  coapounds  have  been  shown  to  have  X  max  ‘^1.4  pa. 

CH^  /H3  /H3 


n  =  1,  2,  3 

It  was  hoped  that  in  a  plastic  aediua,  the  X  aax  could  be  shifted  another 
0.100  tia.  In  addition,  the  literature  suggests  that  in  a  plastic,  the  light 
stability  could  be  increased. 

Our  initial  work  was  to  obtain  from  our  research  sample  files,  to 
purchase,  or  to  synthesize  representative  examples  of  each  of  the  seven 
types  of  compounds  just  discussed.  Spe''.tral  determinations  were  made  and 
the  more  promising  candidates  were  examined  in  plastic  formulations.  In 
addition,  our  research  filets  were  broadly  searched  for  other  compounds 
which  might  absorb  between  1. 0-3.0  ym. 
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In  the  section  «faj.ch  follows,  the  terns  absorptivity,  a,  and 

nolar  absorptivity,  e,  are  used.  Tnese  are  defined  as  follows. 

The  absorptivity  or  the  a  value  is  obtained  by  dividing  the  absorbance.  A, 

(log  to  the  base  10  of  the  reciprocal  of  the  transmittance  =  IoRj^q  by 

the  product  of  the  concentration  of  the  substance  and  the  sample  path  length. 

A 

a  »  — 
be 

•diere  b  is  the  internal  cell  or  sample  length  in  centimeters  and  c  is  the 
concentration  In  grams  per  liter  . 

The  molar  absorptivity,  e,  is  the  product  of  the  absorptivity  and  the 
molecular  weight  of  the  substance 

e  *  a  (molecular  weight). 


was  prepared  by  adding  a  solution  of  dipotassium  trithiocarbonate  to  a 
saturated  solution  of  nickel  acetate,  arvl  then  precipitating  the  desired 
compound  by  adding  tetraphenylarsonium  chloride. 

A  qualitative  spectral  curve  was  determined  in  acetone. 

X  max  (pm)  0.540  (shoulder)  0.505  0.479 

The  compound  was  not  evaluated  in  plastics,  since  there  was  no 
absorbance  in  the  naar-inf rated  region. 

The  following  metal  complexes  of  dithiocarbamates  were  prepared  and 
preliminary  spectral  properties  measured. 


Compound 

/K  j 
u/ 


4^ 


EX. 


Ni 


iCr 


rx"! 

*-•  \  /^Fe 


Color 


Green 


Blue 


Black 


Solvent  Absorption,  pm 


Acetone 


DMF 


Acetone 


Red-brovfo  Acetone 


White 


DMF 


1.915;  1.415;  0.635; 
0.635 


0.645;  0.500 


1.9;  1.42;  0.595; 
0.480;  0.420 


1.9;  1.415;  0.630  (shoulder) 
0.5 


No  NIR  absorptions 


The  near-infrared  absorption  of  the  Nl,  Fe  and  Cu  compounds  were  round  to  be 
due  to  an  interaction  of  the  carbamate  with  acetone.  hus,  in  reality,  none 
of  the  dithiocarbamates  examined  had  any  near-inf rated  activity. 

2.  Type  II  Compounds 

As  discussed  earlier,  this  structure  appeared  ;,o  offer  considerable 
versatility  and  was  investigated  more  broadly  than  the  otliar  compound  types. 


Six  categories  were 

established : 

f  ""l 

i  i 

V  V 

Type  A 

Type  B 

Type  C 

(;£»:) 

Type  D 

Type  E 

Type  F 
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Table  IV  lists  the  Type  A  compounds  which  were  investigated. 

Table  IV 


Structure 


Type  A  Compounds 

Metal  Anion 


Spectral  Features 


1  (pa) 


a 


0.890  23.4 

(acetone) 


0.890  ''<23 


Ref. 

(17) 


(3) 


0.895,  shoulder 
1.1  (DMF) 


(A) 


Ni 

I A 


0.900 


(5) 


CBj/  V  V  V  V  ^3 


0.950  46.9 

0.740  shoulder 


(6) 

(7) 

(8) 


Pt,  Bu^n'*’  0.890  (CH2CI2) 


Fd,  Neutral 
Pd,  Bu^n"^ 

Ni” 

Bu^N"^ 

R-R'-H 


1.3  (DMF)  compound  impure 

1.3  compound  Impure 
0.980  (DMF) 

0.970  compound  Impure 
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xable  IV  -  Continued 


Structure 


(10)  /% 


v\ 


Spectral  Features 
iletal  Anion  X  (pm)  a 


Mi  0.970 

Bu,  l/ 

R=CH2,  R'  =  (CH^)^CH 


Ni 

Bu-K"* 

4 


Ref. 


0.860 

0.555,  0.530 


In  Table  V,  the  compounds  of  Type  B  are  summarized. 

Table  V 


Structure 


Compounds 

Metal  Anion  X  (pm)  a 

Ni"  1.02  25.5 

Bu, 

4 

Pd  No  complex  obtained. 

Bu.n"^ 


1.62 

4.1 

1.34 

9.8 

1.06 

17.1 

0.585 

1.5 

1.675 

7.5 

1.565 

5.8 

1.36 

15.9 

1.185 

25.5 

1.1 

31.3 

0.725 

1.3 

0.555 

1.8 

0.530 

1.8 

0.450 

3 

Compound 

impute 

Ref. 

(18) 


(18) 
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Table  V  -  Continued 


Structure 


Spectral  Features 
Metal  Anion  X  (um)  a 


(7) 

(8) 

(9) 

(10', 

(11) 

(12) 

(13) 


Pd 


Pt 


Cu 


1.64 


Ref . 


(18) 


No  NIK  absorption 


No  NIR  absorntion 


(18) 


(18) 


Ni 

Cu 

Ni 

Neutral 

Ni“ 

Genacryl  Blue 
Ni“ 

(CH^)3S‘^ 

Co~ 

Bu.n'*' 

4 

Co" 

k'*' 


Absorption  spectra  similar  to 
compound  ( 3) 

1.08 


1.02  15.7 

0.635  Curve  too  strong  to 

measure  "a" 

0.415  10.4 

Not  stable 


No  NIR  absorption 


No  NIR  absorption 


Compounds  3- 13  were  prepared  employing  the  ligand  l-mcrcapto-2-naphthoi 
[obtained  by  the  procedure  described  by  Stevenson  and  Smiles  (19)]. 
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/v\^ 

vV 

/vC” 

w 

w 

BOB  . 

/v\ 

1  ••  1 

vy^oB 

aAa 

k  •  j 
V  V 

Toe  coaplexes  were  prepared  by  the  aethod  of  Balch  (18,  20). 
The  only  Type  C  compound  obtained  wa:: 


A.A.  A/\ 

vVvV 


This  neutral  species  was  black  and  Insoluble.  Thus,  no  spectral  properties 
were  determined. 

Table  VI  lists  the  few  examples  of  Type  D  compounds  which  were  examined. 
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Xifclc  VI 


spectral  F—taaro 


0.425  «■  (atcoag)  0.810  pa  (stzocg) 
Too  dark  la  visible  regioo. 


0.770  pa,  stroctore  aacertain 


Ho  MIR  absorption. 


In  Table  VII,  coapounds  of  Type  E  are  suanarized. 
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Tafcle  ni 


T*»e  E  StCTCWg 


Snacfye 


tt) 


(3) 


tt 


(4) 


Spectral  Feaw^ 
1  fa») 


Bef. 


SI 


Co 


Fd 


Ft 


0.780  2®  enff) 

0.820  aboolder 

0.790  (c*S4,900)  Lit.  Values  121) 
0-850  lc»S,6A0) 

0.580  (t»2.180  sbooUer 

Lit.  Halvts 

0.520  lfc«1.380>  “  ” 

0-420  (c»l,260)  * 

0.400  (c-1.180) 

1-135  10-2  ^21) 

0.765  *2-2 

0.584  90.0 

lll35  (c*3,840)  Lit.  Valnes  (21) 
0.763  {c*ll,700)  "  " 

0.58S  (c*l7,7(M)) 

0.420  (c*2,730) 

0.780  lc'*48.200)  Lit.  Values  (21) 

0.621  (e*l,700)  ”  “ 

0.568  (e»l,280)  " 

0.511  (e*l»139)  ”  " 

0.438  (t»924) 

0.782  (c*3.310)  Lit.  Values  (21) 
0.730  (e-8,950  sfacilder) 

Lit  Values 

0.711  (e=96,700)  "  " 

0.695  (e-69,900) 

0.680  (e=52,200  shoulder) 

Lit.  Values 

0,650  (c=12.90)  shoulder) 

Lit.  Values 

0.397  (e*  3,270) 

0.565  (c=3,710)  ”  ” 

0.545  {e=3,180) 

0.525  (e=2,420)  "  " 

0,477  (e^l,680) 


(5) 

ft 

SI 

R-XH. 

R'*H 

i.n 

0.520 

A  4  (CliClj) 

s'loolder 

(6) 

If 

;n 

R-CH 

R'=a 

0.785 

0.620 

(THD 

sioulder 
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2^. 


ScracOBre 


€7) 


V'/VyY 


(2) 


(10) 

(11) 


»acal4.ion 

Saectral  Feasarcs 

4  (»■)  a_ 

3ci 

&.79®  (Bff) 

0.320  «eaa 

3d 

1.0^ 

X-X'HCa- 

0.54  «eak 

3 

0.41  veak 

Ft 

©.«f 

Ml*-OCE^ 

Co 

8'»cra5>le  is  solatioo 

Slae-olacfc  color 

Pd 

i.08  (alcoool) 

E^*«0Cii. 

0.4 

Sd 

Strong  olnlM*  aboorptioo 

1.03  e»SF) 
0.333  *’ 

0.323  ” 
l.C  (acetone) 
0.323  " 

0.420  " 


(13) 


/v’.\/y'yN 

1  i  i  i  •  • 

'/V  V  V 

H  n 


Si 


(^.OBEpXcx  did  qdC  for* 


1 J50  car) 
0^5  car) 


(15) 

N 

1.290  (900) 
0jS2S  caoo) 

(15) 

m 

0.775  Straav 
0.670 

wisSkle  fTtlM 


af  T^ppe  r  are  llsrei  ia  TaMe  YIU. 
lahle  TUI 


Strectare  Metal  Aaloe  \  limi  a  lef. 


U) 

Vv 

>00 

Si 

0.865 

0.660 

93.9  (acetone) 
7.2  (acetone) 

0.813 

(e*77,000)  Ut.  Value 

(2) 

•I 

Co 

o  o 

10-4  CWF) 

10.8  (OMF) 

(3) 

r« 

Pd 

0,863 

8.1 

1.030  (22) 

0.810  dark  red 

Strong  visible  absorption 


(5) 


Co  Black,  requires  putlflcatlon 
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lasle  ytii  * 


StmcpBgc 

%//vv 

£=J - E-at, 


a.-  -» 

jp.  A_ 


S»ec£g»l  gcafg-€»_ 

A  fo»>  *-  - 

54 

Seme  visible 


Vv^V* 

o  o 


V  I 


C-SIS 

Cosposaos  1 
i4flBCical  - 
is  correct- 


129  (aceco«e)  C~3) 


7  oro&ia^i'r 

scractnre  (i) 


I'ae  atiliz«I  to  oreaare  oo«««Js  C  t.  O' 

Moe  iro:*  i-naabtiTlattise  »d  salfcr  aooochlorioe. 

.-an5««as  (i>  ^  «<ie  by  tie  foUowng  procedare  (22)  iria  the  feisb«.7.- 


t£iazolix>e. 


#  <4?  • 

•  •  •  « 

•  i  •  • 

V  \-  / 

c-cf' 

t:  ti 


=CC<0 


ii  i  >^-  A  • 


I— I 


3.  rype  Li I  CospoanJs 

ri.cse  structures  Me  related  to  the  lyoe  II  cooooonds.  Table  l>. 
areseats  toe  coaoounds  voich  were  studied  haviot  the  eeoeral  structural 

features  of  this  series. 


r 
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CaUe  12 


m 

Si 

3d  313^  ;^>scrDtion 

(35 

- 

Pd 

So  set  absorption 

1.130  (benzene) 
0.900  (£EfF) 


(3) 


(6) 


(7) 


AX  So  ISIS,  absorptioo 


Si  0.773  (c-19,600)  Lit.  Vaine  (24) 


Pt  0.740  (e=36.800)  Lit.  Value  (24) 


”  ^  ** 

v'l'N/Tv* 

V  vi-v* 


(3) 


0.960  0.32 

0.400-0.500  (acetone) 


Co 


So  SIR  absorption 
5Iac’>:  solid 


flO) 


Scvactcre 


V 


V 


attal 

aiii 


spectral  Fc»tT< 

\Jggl  ^ 


Kef. 


0.970  Cc-^24.«aCr)  Lit.  ValM  (24) 


(U> 


(12) 


^  ’•-C- 

N.  / 


'•-C' 
\  / 


iXix 


Si 


0.700  (o-SichlorobeBzeae) 
0.SS0  (shoolder) 


(23) 


0.900  (24) 

0w863  (^29,e00)  Lit.  Value 


(13) 


(14) 

(15) 


Ois 


Fd 

Pt 


0./80  (veak) 

0.570 

0350  (sLsqlder) 

0J385  (e*39,700)  Lit.  Value 
0300  (c*51,600)  Lit.  Value 
0.740  (CUClj) 

0.620  (shoulder) 


(24) 


(17) 

Pt 

0.863  (e*41,600)  Lit.  Value 

(24) 

R-OCHj 

0350  Good  window  in  visible 

(IB) 

U 

Wo  HIR  absorption  (i)HF) 

R-OCHj 

Black  solid 

(19) 

.id 

0.920  (weak) 

R-OCH^ 

(20) 

Wi 

0.920  (c»35,600)  Lit.  Value 

(24) 

R»0CH^ 

0,92T  Good  window  in  visible. 

(21) 

Pd 

0.948  (c=37,9nO)  Lit.  Value 

(30 

R=OCll^ 
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lAle  IX  -  coozlMcd 


Scractarc 

(22) 


Spectxal  FeatMres 
Metal  Aaloa  1  %!•)  a 


Cef. 


% 


.  Hi  ®-930  (c*35,600)  Lit.  Value  (24) 

r\/1 


(23) 

(24) 

(25) 


(26) 


Pt 

Pt 

A-Ca(CH3)2 


3i 

R-OCH^ 


Pt 

X-CB, 


0.830  good  vindou  in  visible 
0J128  (e«49.200)  Lit.  Value  (24) 

\ 

0.895  (e=28,400)  Lit.  Value  (24) 


0.838  (c=42,200)  Lit.  Value  (24) 


(27) 


/  \ 


/  \ 


\  A  /T 


\ 
\  / 


Broad  absorption  to  1.000  pa 


Absorption  in  visible  region 


0.800 

0.680 
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Tri»le  IX  -  Cootlnued 


Spectral  Features 

Snructure 

Metal  Anion 

L(l«)  a 

(30) 

^  # 

1  9-s. 

si  J 

Hi 

0.705 

0.530 

V 

1 

V 

(31) 

CH/ 

iK_> 

Hi 

No  NIR  absorption 

r*w 

Ref. 


CflBpounds  1  to  3  were  prepari^i.l  by  bubbling  H^S  through  a  methanollc  HCl 
solution  of  acetylacetone  and  the  uoproprlate  transition  metal  halide. 

Compound  A  t.'d8  made  as  follows: 

Heat  In  ^ 

Dioxane 
(2)  NiCl^-hH^O 

4.  Type  IV  Compounds 
The  pentachlorocuprate  complex  of  ruthenium,  Ru^^^(NH2)gCu^^Clj, 

was  prepared  as  an  example  of  this  class  from  hexa-ammine  ruthenium  trichloride 
and  cupric  chloride  dihydrate.  The  solid  which  was  obtained  was  Insoluble  in 
organic  solvents,  so  no  further  work  was  done  with  it. 

5.  Type  V  Compounds 

In  earlier  work  (5)  the  squaric  acid  system  provided  some  species  with 
absorption  In  the  near  infrared  region.  The  compounds  investigated  during  the 
current  study  are  listed  In  Table  X.  The  aluminum,  cobalt,  copper  and  zinc 
salts  of  squaric  acid  had  no  near  Infrared  absorption. 
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Table  X 


Structure 


Squarlc  Acid  Type  Compounds 


Spectral  Features 

iLiH“2  -JL. 


(1) 


e 


<  > 


<»/  .  - 
•w--v-=-w- 

\h 


(2)  CH  0 


/OCH3 


J 


.© 


<__> 


<  > 

V.^ 


CH^i/ 


<  > 

\CH, 


0.690 

0.450 


0.835 

0.425  (DMF) 


225 

16.2 


15.1 

20.8 


(3) 


(4) 


1  11 

V* 


k  f 

>0- 


/\ 

V 

A 


0.940 

0.530  (DMF) 


W 


V 


V 

li 


V 
© 


A.  •  J 

V  V 


0.705  (DMF)  110.4 


V5 


^2“5  I  N  I 


Comments 


Unstable 
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Table  X  -  Continued 


Structure 


Spectral  Features 
X  (urn)  a  Comments 


(5)  J 

vv 

aAAa. 

A/"  ^ 

(C2H5)2/  © 


No  NIR  absorption 


Rhodlzonlc 
acid  compounds 


(6) 


No  NIR  absorption  Rhodlzonlc 

acid  compounds 


6.  Type  VI  Compounds 

Blferrocpnlum  hexafluroantlmonate. 


was  prepared  by  the  oxidation  of 


biferrocenyl  with  AgSbFg.  Ullnan  coupling  of  iodoferrocene  had  given  the 

biferrocenyl.  The  spectral  curve  of  this  compound  was  determined  In  acetone: 

X  max:  1.850  pm  0.525  pm 

a:  0.82  2.5 
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I 


Ferrocene  (IX)  end  ferrocene  carbozaldehyde  (X)  uere  condensed  to  give 
Che  ferrocene  cjrauclne  dye  (XI).  The  spectral  curve  of  XI  in  chlocofom 


at  0.610  iin  and  0.34Q  yn.  There  was  no  NIR  absorption. 


f  • 

m 


An  atteapt 


aade  to  condense  ferrocene  with  squaric  acid;  however, 


tiiia  reaction  was  unsuccessful. 

Tne  Schiff  base  of  ferrocene  carboxaldehyde  and  p-phenylenediamine  was 
pr^iared  and  oxidized  with  silver  hexafluoroantimonate.  The  oxidation 
product  showed  no  NIR  absorption. 


iTI 


Prussian  blue  (ferric  ferrocyanide)  was  prepared  from  FeCl^  and 
]C.Fe(CN),.  The  spectraj.  curve  (in  water)  showed  X  max  at  0.710  ym. 

H  O 


Carbocyanine  dyes  (azo-methine  compounds).  Type  VII  structures,  were 
incorporated  into  cellulose  propionate.  All  lost  considerable  absorption 
on  Ftti  exposure,  with  or  without  stabilizers.  Based  on  this  light  stability 
data,  further  work  on  these  systems  was  not  undertaken. 

8.  Miscellaneous  Compounds 

The  following  compounds  (Table  XI),  were  screened  in  attempts  to  find 
al’ jorbers  for  the  region  1.0-2. 5  ya.  The  compounds  were  from  our 


research  files. 


-29- 


Table  XI 


[J 


; _ 1 


J 


— 


.  -J 


i  I 


!  j 


I 

i  I 


!  i 


1. 


•1. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


Miscellaneous  Compounds 


liane 

Trlethylphosphonoacetate 

Cystine 

Azulene 

2-Methyl  Indollne 

2-Methylene-l , 3 , 3-tr Imethyllndollne 

9 , lO-Dimethylanthracene 

Trlpropyl  amine  borate 

Phenol,  3-chloromethyl , 

2 ,4-dinethyl-5- t-butyl 

4,4 '-Dlchlorophenyl  sulfone 

4,4* -01 (N-methylamlaophenyl)sulfone 

2-Norbananol 

Chloroform 


Absorption  Characteristics 
(V^elength  in  ym) _ 

2. 3-2.5,  1.7,  1.95 

None  of  Interest 

None  of  interest 

2. 3- 2.5,  2.15,  2.0,  1.7,  1.5 

2.3- 2.'^  2.15,  2.1,  1.7,  1.625 

None  of  interest 

None  of  Interest 

2. 3- 2. 5,  2.1,  1.7,  1.41 

2.45,  2.14 

None  of  interest 

2.4-2. 5,  2.3,  2.29,  1.7,  1.41 

Several  sharp  peaks:  2.3-2 .4, 
2.1,  2.05,  1.85,  1.7,  1.4,  1.15 


13.  Biphenyl-3- (2-biphenyl )-5-phenyi 

14.  Sorbitol,  l,4:3,6-dlanhydro 

15.  Hydrofuran,  tetracarboxyllc 
dianhydrlde 

16.  Tetracyanoethyl  oxamlde 

17 .  Cyclopentadecanone 

18.  l,5'’Cyclo  octadlene 

19.  l,5,9~Cyclododecatrlene 


None  of  interest 
None  of  interest 
None  of  interest 

None  of  interest 

2. 3- 2. 5,  1.7-1.75 

2. 3- 2.5 

2. 3- 2. 5,  2. 1-2. 2,  1.7-1. 8 
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Table  XI  -  Continued 

Ham 

Absorption  Characteristics 
(UavelenKth  in  pn) 

20.  CycJ/>l 

2.3-2.5,  2.05-2.15,  1.85-1.725, 
1. 0-2.5 

21.  Tetn^sUoro  o-benzoqulnone 

None  of  Interest 

22.  Di-lsodecylphthelate 

2.3-2.5,  2.15,  1.7 

23.  l,4a5«8-TecraliydraKy  anthrnquinone 

None  of  Interest 

24.  M-ethyl  N',  n-butyl-1,  I'-azdbls 
fonanlde 

Hone  of  Interest 

25.  Hexachlorophene 

Too  weak;  none  of  interrat 

26.  Triphenylphosphlne  oxide 

2.46,  2.16,  1.68 

27 .  Trlcreaylphosphat  e 

2. 3-2.5,  2.15,  1.65-1.75 

28.  Elaatex  81P,  Allied  Chenlcal 

2.3-2. 5,  2.15,  1.72,  1.76,  1.4, 
1.2 

29.  Elastex  61F,  Allied  Chenlcal 

Slnilar  to  above 

30.  KP140,  Trl(butoxy  ethyl) phosphate 

2. 3-2.5,  1.7-1. 8,  1.4-1. 2 

31.  Di-lsodecylphthalate 

None  of  interest 

32.  Flexol  EPO 

None  of  Interest 

33.  Paraplex  G-62 

None  of  Interest 

34 .  p-Pheoyl  phenol 

None  of  interest 

35.  Tetrachlorohydroquinone 

None  of  interest 

36.  1, 3, 5-Tr is (2-hydroxy  ethyl)- 

Isocyanurate 

None  of  ir  srest 

37 .  Tetrahydrof uran 

Good  absorption  In  this  region 

38 .  Uydroquinone 

None  of  Interest 

39 .  Dlthio-oxaaide 

None  of  Interest 

40.  Methanol 

Good  absorption  In  this  region 
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Xible  XI  -  Cootiiwed 


*1.  2-Yijtecy'L  tripbeayl 


Abcorptioa  Qazacteriscics 
Clita»elqiKt&  in  wi) 

2.25-2.5,  1.7 


42.  Carbixole 


43.  Anthracene 


2.25-2.5,  1.7 
2  25-2.5,  1.7 


44.  Tecra (2-ethyl  hexyDortiio  silicate  2.25-2.5,  1.62,  1.8,  1.4,  1.2 


SiC-96-1000,  C.E.  SUicone 


Sone  df  interest 


Tyzor  TE  organic  titanate 


None  of  interest 


Phenazine 


Hone  of  interest 


5-ChloroI  1-Hl  indazole 


iioae  interest 


2, 2*-Vinylenepyridine 


None  of  interest 


1,2,4, xOb-Tetrahydrof luoranthene 


Veak;  not  of  interest 


Benzonaphthofuran 

Helaalne  , U^-tri-l-adanantyl 

1,1 ' -Bladaaactane 


Week;  not  of  interest 
Weak;  not  of  interest 


Weak;  not  of  interest 


1,  Adamantanol 

2  4  6 

Itelaraine  .l-J  -tri-dl-endo-2- 

norbornyl 


Weak;  not  of  interest 


Weak;  not  of  interest 


Tris[3,5-t-butyl)4-hydroxyfaenzyl]- 
phosphine  oxide 


Weak;  not  of  interest 


Bis(triphenylphosphine)  nickel 
bromide 


None  of  inteicst 


Triphenylbutylphospbonium  triphenyl- 
phosphine  tribromonickelate 


None  of  interest 


2-!letnylthiobenzothiazole 


2. 3-2. 5,  1.7,  weak 


Jicyclohexylcarbodiiraide 


2. 3-2. 3,  1.72,  1.75,  weak 


tt.  TrlfiMeagrl  profy1r«r  fiwifhort— 

tt.  Tri(cUnrawechrl)fi»spUae  oodde 
<3.  4,7-0i£ida<o4«iMiliae 

45.  Flnoraatlwae 

66.  3,6-Dlcliloropyri<i»ri»e 

68.  l,2,3,6,7,8-a0uiiydco|i7reBe 

69.  HeET..3oropropcne 

70.  lyS-Propauaedlol 

71.  Hnr— pthyldlsIUgaw 

72.  Triethyleneglycol  aetliyl  ethyl 
acetate 

73.  Bexaaethyldisllozaiie 

74.  1,4,5,6,7,7-Hexachloroblcyclo- 

2 « 2 , 1 , 5-'heptaie'2 , 3-dlcarboxiBlde 

75.  Benzofuroxane 

76.  Bis  beozofuToxanesulfone 

77.  1,4,3, 8-Tetr ahydroxyanthraquinone 

78.  E-702  (Stauffer  Chea.  Co.) 

79.  Fyrol  PCF  (Stauffer  Chea.  Co.) 

80 .  Hexaketocyclohexane 


BfcaacpcJaa  Chazactcrlstics 
CHaeeleagth  Ig.  fl 

Seae  of  laterest 

Itaae  of  laterest;  aeak  2.3-2.S 

loae  of  laterest 

2.1- 2.5,  i.575 
Toae  of  laterest 
Heal;  broad  absorptioa 
lieak  2.>-2.5,  2.16.  1.7-1 .8 
Ueak  2. 3-2. 5 

1.45,  1.7-1.8,  1.9-2.5 

1.525,  1.695,  1.705.  1.75, 

2. 1- 2. 5 

1.725,  2.15.  2.25-2.5 

Weak  1.19,  1.69,  1.7,  1.75, 
2.29,  2.39,  2.4,  2.475 

No&e  of  interest 

Weak  absorption 
None  of  interest 
Weak  1.710,  weak  2. 3-2. 5 
1.715,  Broad  abs.  2. 0-2. 5 
1.725,  Broad  abs.  2. 2-2. 5 
Weak  2.25-2.5 
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zmm  n  -  ^-T~i — • 


■Hfc  2^^.5 


Vttk.  2^2.5 


t3. 


16.  3,S-McM<irwf1  lar 


Onk  2.3-2.S 


1.6t.  1.97,  2.19.  2.45 


lo  fecoai  ifcforyrliMi  o£  iateresC; 
xwral  Aarp  peeks 


tt.  2,4,6-ItffhlnTifflHM’ 

99.  "Sri*  2,3~dttgcsMiprppy1plMi>phate 

90.  Has  toljol  HI350  H44223 
■firasyl  lo.  281 

91.  0,O-l>letlqrl  a,a-b.ts(2  hylroaqretliyl)~ 
miMoexkyljbomtbooMtit 

92.  l,6-Bls(dl-«-bat7lstaaaa-}2,5,7,10> 
tatrak1a«na>cyclod€caae 

93.  Trlethylaaine  borata 

94.  Nagnesiia  silicate 

95.  HeubrowMieCfaylbenscne 

96.  1,6-Dlbutjlblurea 

97.  Nickel  salt  of  3,5-dl-t-butyl-4- 
hydrozy  benzole  acid 

9d.  Cobalt  salt  of  3,5-di-t-butyl-4- 
hydrozy  benzoic  acid 


lo  bread  aborrptioa  of  istezest; 
several  sharp  peaks 

1.7-1.71,  2.25-2.5 

Icoad.  veak  1.4-1.7,  2.1,  2.3-2.5 

2.3-2.5,  1.95,  3  peaks  1.69-1.75, 
weak  abs.  1.45-1.6 

leak;  none  of  interest 

lone  of  Interest 
lone  of  Interest 
loue  of  Interest 
None  of  interest 
No  NIR  absorption 

Eztrenely  insoluble  but  showed  some 
broaJ  absorption  with  the  X  nax  at 
1.91,  1.415,  1.18,  0.685 
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100. 


pfcoBffclar  Cl— pier 

101.  2y..0-€pclo  octatri— e-1-— e 

102.  2(ll|-l^rri4i— -5.6'-41dAor»-l,l'- 
aalyl  di 

103.  1.2-Ottiiioll—  iodide-3  C<nr  5)- 
■etfcyl-thio  4  pheiqrl 

104.  lodooi—  bz— Ue,  dipbc^l 

105.  Aarylopbeoooe,  3,3'-dioc9rcaq>co- 
4-diiittiqrlaadai> 

106.  Acetaoide,  2,3*-(vliiyleiie 
ditliio)bia-cls 

107.  Botyraatlide-2 , 3-41oxo-2 , 3-dioati— 

108.  Botyraal 1 1de-2 ,3-dio»o-3-«ethyl 
phenyl  liydrazone-2-oxiae 

109.  1,2'Ditliioliiai  hydrogen  sulfate, 
4-pheoyl 

110.  ThlopyryliuB  fluoborate  (BF,-)- 
2 ,4 , 6-trl -^enyl 

111.  Naphtho-(2,l,b)thlophene-l,2-dioQe 

112.  4-Hydroxypteridine 

113 .  9-Methyl-2 , 3 , 7-tr ihydroxy-6-f luoroi 


114.  1,2-DichxoliuB  sulfate  (HSO^-)- 
4-p-nitrophenyl 
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None  of  Interest 


Jfcaofyriiw  GnEacreriscScs 
C8»»el— KdB  im  — ) 

Snac  of  iatcrest 


lot  of  lamest 


US.  aB-1.2-l>imole-3-ckiaae-5> 
Cy-flaetlqrl  tlonphtyl) 


US.  2  Wrrraprotfctetllt 

120.  4?  ^rroprohraTlaldaaele 

121.  JrHexcMftofjrimidime. 

122.  Peafariiltfcqpyrldlt 

123.  SaphclH>-'a,8.cd)-1.2>diselcaoU- 
hcoarliloro 

124.  3B-l,2-Bea»>tiiiaselcaol'-3-ot 

125.  M-'l,2-leazotMaselciiol-3-thiot 

126.  Pyrazole,  3,5-dlaetli7l-4-aitrooo- 
l-pbo^l 

127.  l,3,5>Ti:i<na-2-sll«-4,6-diboriae- 
2,2,4 ,6-tecrapheo7l 

128.  Iflothiazole-4~phetqrl-l,l,2-trl(ncide 

129 .  4fi-l , 2-Diazepine-3 , 5 , J-trlpheayl 

130.  Sydnooe-3-(3-p3rrldyl),  tchlodide 

131.  1,3,2-Dithiarsollua  iodide, 
4,5-dicyaiio 

132 .  1,3, 2-Dloxaborlnide-2 , 2-dif luorc- 
4-aethy 1-6-phenyl 


lot  of  iaterest 
lot  of  iaterest 
lot  of  iaterest 
lot  of  iate.'est 
lot  of  iumest 

lot  of  interest 
lot  of  Interest 
lot  of  intertt 

lot  of  interest 

lot  of  interest 
lot  of  interest 
2.35-2.5,  1.725 
2.35-2.5,  1.725 

2.35-2.5,  1.725 


133.  Pyrazolit  perchlorate-1,2,4- 
tripheoyl 


None  of  interest 
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134.  Etewl>l»l'-«ixUaUs(2.2,2>  Bok  of  iotcr^ 

edcaloio) 

135.  aocapcchiol,  copper  lawloble 


134.  nMol'2.4,3-txlcUoco  canoMte  2.0>2.5.  1.945.  1.65-1.75, 

1.4,  1.175:  decoaposed  oe 
irc^iatioo 

Sooe  of  isterest 

Voae  of  interest 

looe  of  interest 


140.  4,7-HeCtinnolntien  5-(4H)-ooe,  Sone  of  interest 

3e  ,4 ,7 ,7n-tetnlqrdro 

141.  Snlfoniini  iodide (4, 5-dip(ien3rl-  lioiie  of  interest 

1.2- <iitlilol-3-Tlidciie)netiiyl 

142.  Oithiane  Hone  of  interest 

143.  Pyra«olton-p-toliieoesulf onate ,  Soue  of  interest 

1 . 2- di»ethyl-4-phenyl 

144.  4H-l,2-Dlazepioe-3,S,7-diaettiylaalno  Hone  of  interest 

145.  (2ii)-Maphthalenone-2,2'-l,2,4-'  Vovb  of  interest 

trithiolane-3, 5-diylidine)bii;- 
(3,4-dihydro-4-nethyl) 

146.  3H-l,2-Benzodithiole  A^-a-nalono-  ^ne  of  interest 

nitrile 

147.  2H-Benzotriazole-4, 3, 6- tr inethoxy-  None  of  interest 

2-phenyl 

148.  2H-l,2,3-Tria2ole-4-carboxanilide-  None  of  interest 

5-methyl- 2-phenyl 

149.  Ammonium  iodide,  ethyl  dimethyl  None  of  interest 

(3-oxo-3ii-l,2,4-dithiazol-5-yl> 
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Tifcle  n  - 


■baiiTprlim  Charasteristics 


13C. 

151.  omdIcx  ol  sallcylaUd^de- 


152-  ehlorUe-trlpheayl 

flbosphiae  caaplex 


153.  (C^Olj-E-jaHSI-l-COCjBjlj 


of  iz<£erest 


So  absorption 


Sb  VI2  absorption 


1.18  (neak)  (BHF) 


1.  /  ,  \ 


1.1  (CBCl  ) 
0.665  (weak) 


/T^-iKCH^ScHj)^ 


“4k:> 

4f<:; 


(€8208)3 


1 

S  Bi-^N^UC,  ..H, 


Si-N^l242‘'25 


-SI?  \_/ 


1.1  (CBCl,) 
0.68  (weak) 


1.1  (CHCI3) 
0.64  (weafe) 
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n  -  Conciaoed 


158. 


Absorption  Characteristics 
(Wavelength  In  im) 

0.73  (CBd.) 

0.56 

weak) 


163.  Acryloid  AT-56  resin 

164.  Glycerin 


2.3 

2.05-2.5 
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EvaluaC:'.oiis  of  these  coapounds  Which  had  MnL  absorption  are  further 
discussed  in  Section  B,  Evaluations  With  Plastics. 

Tri(3,5-di-t-butylquino)cyclopropane  (XIII),  was  prepared  by  oxidizing 
bis(3,5-di-t-butyl-4-hydrozynhes.yl)q[uiaocyclopropene  with  potassium 
ferricyanide.  The  spectral  cun*e  of  the  compound  was  determined  in  CUCl^ 


A  max  (pm)  0.770  0.685  0.625  0.390 

a  60.2  60.2  34.7  52.9 


x/\x 

li  li 

V 

II 

# 


\ 
V/ 


XIII 


The  compound  was  found  to  be  extremely  heat  sensitive  in  a  PVC  mix 
turning  from  blue  to  yellow  In  color.  The  same  behavior  was  noted  in  cellulose 
propionate.  A  dispersion  showed  no  absorption  from  0.3-2. 5  pm. 

A  possible  explanation  for  the  color  change  is  the  transfer  of  energy 
of  the  singlet  state  of  the  cyclopropane  to  the  triplet  state  of  oxygen 
yielding  the  triplet  state  of  the  cyclopropane  and  the  singlet  state  of 
oxygen.  Singlet  oxygen  is  a  dienophlle  and  could  add  across  one  or  rote  of 
the  double  bands  in  the  cyclonropene;  thereby  disrupting  the  conjugation 
of  that  system  with  the  resulting  change  in  color  from  blue  to  yellow. 
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B.  Evaluations  With  Plastics 


Some  of  the  earliest  work  on  the  spectral  properties  of  plastics  is 
recorded  in  a  1955  Bulletin  of  the  American  Standards  Association  (now 
called  American  National  Standards  Institute)  (26).  This  publication 
indicated  that  the  celluloslc  polymers  (Figures  73-75  and  79-82  of  the 
Bulletin)  have  considerable  transmittance  between  0.90-2.7  ym  and 
3. 5-5. 5  ym.  Styrene  polymers  (Figures  83-86)  transmit  between 
0.40-3.2  ym  and  3. 6-6. 7  ym,  although  there  ere  several  sharp  absorption 
bands  in  these  regions.  Polymethyl  methacrylate  generally  transmits 
between  0.40-2.2  ym  but  has  strong  absorption  between  about  2. 3-2. 5  ym 
and  3. 2-3. 6  ym  (Figures  87  and  91).  A  clenr  polyvinyl  chloride  has 
substantial  transmission  in  the  ranges  0. >0-3.4  ym  and  3. 6-5. 6  ym 
(Figure  92) .  Figure  93  indicates  that  poiymc>nochlorotrifluoroethylene 
transmits  broadly  between  0.30  and  7.0  ym.  The  polyallyldiglycol  carbonate 
polymer,  CK-39  (Figures  94  and  95),  has  good  transmittance  between  0.40-2.2  ym 
and  absorbs  from  2. 3-3.5  ym.  Polyester- type  polymers  seem  to  have  similar 
transmit tances  (Figures  97  and  98  of  Reference  26). 

Based  on  these  reference  curves',  we  have  done  some  calculations  cn 
transmittance  of  some  of  these  polymers  in  the  region  from  2. 0-4.0  ym 
at  a  thickness  of  125  mils.  Tliese  data  are  shown  in  Table  XII. 
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Table  XII 


Spectral  Data  For  Several  Plastics 
_ Transmittance,  Z 


Wavelength, 

um 

PVC 

(Fig.  92) 

Cellulose 
Acetate 
(Fig.  75) 

Poly¬ 
styrene 
(Fig.  83) 

FMMA 

(Fig.  88) 

2.000 

43.5 

31.6 

60.0 

57.0 

2.100 

11.7 

10.6 

7.8 

17.7 

2.200 

0.0 

2.1 

27.4 

1.0 

2.300 

0.0 

0.0 

2.1 

0.0 

2.400 

2.4 

0.0 

0.4 

0.0 

2.500 

3.5 

0.0 

0.5 

0.0 

2.600 

2.6 

2.6 

3.5 

3.0 

2.700 

1.1 

0.0 

2.7 

1.0 

2.800 

0.6 

0.0 

3.5 

0.0 

2.900 

0.6 

0.0 

7.8 

0,0 

3.000 

0.2 

0.0 

9.4 

0.0 

3.100 

0.0 

0.0 

1.0 

0.0 

3.200 

0.0 

0.0 

0.0 

0.0 

3.300 

0.0 

0.0 

0.0 

0.0 

3.400 

0.0 

0.0 

0.0 

0.0 

3.500 

0.0 

0.0 

0.0 

0.0 

3.600 

0.0 

0.0 

0.0 

0.0 

3.700 

0.0 

0.0 

0.0 

0.0 

3.800 

0.0 

0.0 

0.0 

0.0 

3.900 

0.0 

0.0 

0.0 

0.0 

4.000 

0.0 

0.0 

0.0 

0.0 
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lalph  S'zair  (27)  presents  other  related  data  on  plastics.  Mr.  Stair 
indicates  diat  there  is  80-90Z  transnittance  between  0.330*0.950  pm  for  the 
following  plastics:  polynethyl  nethacrylate,  polyallyldiglycol  carbonate, 
cellulose  acetate  butyrate,  cellulose  propionate,  ethyl  cellulose  and 
polystyrene. 

0»r  data  are  in  agreeuent  with  these  literature  references.  The 
tramsnittance  ciirve  tor  a  125-nil  thick  polynethyl  methacrylate  filter  is 
shown  in  Figure  3.  The  absorbers  we  used  in  this  filter  provide  the  0% 
transnittance  between  0. 300-0. 6S0  pa.  Absorption  between  2. 2-4.1  pm 
is  due  to  tlie  plastic  alone. 

As  nentioned  earlier.  Figure  2  is  an  illustration  of  the  fact  that 
plastic  naterials  have  transnittances  between  1.8-2. 2  pm  and  2. 4-2. 5  pm 
that  is  difficult  to  eliminate. 


(1)  Plastic  Absorption  at  10.6  pn 

We  have  calculated  the  absorption  at  10.6  pm  for  several  plastics. 

Thin  films  of  the  plastics  were  examined  using  a  Perkin- Elmer  237 B  Spectro¬ 


photometer.  All  of  the  plastics  had  sufficient  absorption  to  offer 


tine/energy-dependent  protection  against  CO2  lasers.  The  FMMA  appeared 
to  have  the  strongest  absorption  at  10.6  pm,  and  the  polycarbonate  had  the 


weakest  absorption.  The  results  are  shown  in  the  following  Table  XIII. 
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Figure  3 
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WAVELENGTH  IN  MICROMETERS 


Table  XIII 


Film 


Absorption  of  Plaatics  at 

Thickness 

(Mils) 


Wavelength 

10.6  ua 
O.D./Mil. 


O.D.  ot 
100  Mils 


Lexan  Polycarbonate 

5.5 

0.113 

11.3 

FMMA 

1.1 

«» 

OD 

Flexible  PVC 

1.3 

0.385 

38.5 

Polyphenylene  Oxide 

3.7 

0.541 

54.1 

Cellulose  Propionate 

2.1 

0.314 

31.4 

1.  Cellulose  Propionate 

Since  cellulose  propionate  had  proven  to  be  the  polymer  of  choice  for 
molded  laser  safety  products  in  previous  work  (1-3,  6,  8),  this  polymer  was 
preferentially  used  to  study  formulations  in  plastics. 

Blferrocenlum  hexafluoroantlmonate  was  evaluated  in  a  cellulose 
propionate  film. 

10  g  Cellulose  propionate 
0.04  g  Blferrocenlum  hexafluoroantlmonate 
0.2  g  CYASORB®  UV  24  Light  Absorber 

A  4**mll  film  had  extremely  weak  absorption  at  1.725  ym  and  0.540  pm.  After 
100  hours  of  FOH  exposure,  the  sample  had  lost  all  NIR  absorption. 

A  polymer  sample  with  glycerin  added  to  absorb  in  the  1.8  to  2.5  pm 
region  was  hazy  as  the  glycerin  was  Incompatible  with  the  polymer  system. 

The  following  were  Injection-molded  in  cellulose  propionate  to  determine 
their  usefulness: 
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a)  salt  uf  6-naphthol  aercapto  M  cocplex 
ODecoaposed  on  Bolding.) 

b)  Cu  salt  o£  5-naphthol  aercapto  Ki  cozplex 
(Deconposed  on  aolding.} 

-H- 

c)  Cu  salt  of  toluenedlthiol  Ni  coKplex 
G}ecoinposed  on  aolding.) 

d)  Fhenaathrene  diamine  Ni  coaplex 

(Strong  peak  at  1.08  pm,  but  too  such  visible  absorption.) 

e)  Pnenanthrene  diamine  Pd  complex 
(Peak  at  1.1  ua  toe  weak  for  use.) 

f)  Xylene  dithlolato  nickel  complex 
(Strong  absorption  centered  at  O.'iS  wm.) 

Interestingly  in  comparing  (d)  and  (e).  the  use  af  Pd  instead  of  Ni  gives 

a  shift  of  0.03  pm  to  higher  wavelengths.  None  of  these  absorbers  was  found 

to  be  useful  for  the  contract. 

A  curve  of  Ni(NO^)2*6H20  in  DMF  showed  very  strong  near-infrared 
absorption.  An  attempt  was  made  to  incorporate  this  into  cellulose 
propionate  to  see  if  it  would  be  compatible.  Thus,  a  2%  loading  of  the 
salt  was  hot-roli-tnilled  and  compression-molded  in  cellulose  propionate. 
However,  the  resulting  sheets  were  opaque,  as  the  salt  was  not  compatible. 

A  nickel  acetate  sample  gave  the  same  results.  A  2%  loading  of  nickel 
acetylacetonate  w.'>s  compatible  and  gave  clear  samples  but  had  no  NIR 
absorption . 

Compounds  g,  h,  j  and  k  did  not  survive  the  molding  conditions  when 
incorporated  into  cellulose  propionate. 


CTASORB  U-249  Infrared  Absorber  was  molded  in  cellulose  propionate  to 
give  a  60-mil  sample  with  luminous  transmittance  of  18.5%  and  O.D.  of  7.2 
at  0.6943  ym.  Too  high  a  concentration  of  H-249  was  used,  so  the  O.D.  %ras 
high,  but  calcul..  :ions  showed  that  even  at  an  O.D.  of  4.0,  the  material  would 
be  too  dark  in  the  visible  region  to  be  of  use. 

The  compound  obtained  from  the  reaction  of  squaric  acid  coupled  with 
3-naphthol  was  Insoluble  in  cellulose  propionate  or  methyl  methacrylate 
and  c . -Id  not  be  evaluated . 

CoCl^  in  cellulose  propionate  was 

2 


A  sample  of 


^  s 


\ 


found  to  have  very  weak  absorption  at  0.6943  vm,  thus  would  not  be  of  use. 

A  sample  of  bis (dithiofurfuryl)nickel  ’-as  evaluated  in  cellulose 
propionate  for  its  absorption  at  1.055  ,ira.  However,  it  was  extremely  weak, 
and  is  not  of  use. 

The  tetrabutylammoniuin  salt  of  nickel  thionaphthol  was  evaluated  in  C.P., 
with  and  without  hexaethylraelamine  as  a  stabilizer.  The  films  had  fa'rly 
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broad  UK  absorptiesi^  After  200  HXf  boors,  tbe  fUas  bad  lost  ooasidcrable 
strcagtb.  Ihe  flaafyiR  coapouaJ  j^eared  to  hasten  tbe  d^radation  of  tiie 
absorber  in  tMs  coaparison. 


Thin  aolsent-cast  f  Has  of  CIASORB  IR-117  Infrared  Absorber  aad 
ClASOBB  IE-126  Infrared  Absorber  in  cellnlose  propionate  vere  prepared  and 
were  exposed  in  tbe  FOCi  to  ascertain  which  absorber  would  be  best  for 
affording  broad  absorption  in  tbe  NIR  region.  The  sane  was  done  with 
CIASORB  IE— 99  Infrared  Absorber  and  CIASORB  IR— 282  Infrared  Absorber  to 
detemlne  which  would  be  best.  Conbinations  of  lR-126  or  IR-117  with 
IR-99  and  IR-282  were  aade  with  absorption  in  she  KIR,  but  not  with  a  high 
O.D.  at  0.6943  yn.  IR-99  and  IR-117  or  IR-126  fomulations  with  high  O.D.'s 


at  0.6943  yn  and  1.06  ya  with  broad  NIR  absorption  were  also  prepared.  The 
fornulations  had  the  following  properties:  (I  »  Luminous  Transmittance): 
R7927-180A  -  IR-117  alone 
R7987-180B  -  IR-126  alone 

R7987-181A  -  IR-99  alone;  O.D.  at  1.06  ym  -  3.8,  Y  -  82Z 

R7987-181B  -  lR-232  alone;  O.D.  at  1.06  ym  -  3.9,  Y  ■  84Z 

R7987-181C  -  IR-99  +  IR-117 

R7987-181D  -  IR-99  +  IR-126 

R7987-181E  -  IR-282  +  IR-117 

R7987-181F  -  IR-282  +  IR-126 

R7987-185A  -  IR-126  +  IR-99;  Y  -  30%,  O.D.’s  2.8  at  0.6943  ym, 

4.5+  at  1.06  ym 

R7987-185B  -  IR-282  +  IR-126;  Y  -  46Z,  O.D.  -  4.5  at  1.06  ym 
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After  100  hosts  of  BOM  erposige,  sooe  of  tise  above  filns  «cre  evalnrted. 
la  tiae  lKrll7  versos  IK-126  series  CK7937-18GA  and  -180S),  ^  lK-126 
to  be  acre  li^t-stable,  had  a  hi^er  T  valce.  In  tbs  iK-99  versos 
IK— 282  series  {K7987— ISIA  and  — lOlBl,  the  IK— 2S2  appeared  to  be  aore  stable 
again  vith  a  higher  T  value.  Vhen  too  SIK  absorbers  were  used  together,  the 
results  were  slightly  different,  here,  lR-99  and  lK-126  were  the  best  for 
light  stability  CB7987-181B) .  Ibis  speared  to  be  aore  stable  tiian  even 
IR-282  and  IR-126  together  (R7987-181F). 

On  sample.  R7937-185B,  the  KIR  curve  "bottoas"  (is  at  OZ  transaittance} 
froa  0.780  to  1.800  itn.  The  curve  lifts  above  1.8C  wb,  and  no  absorber  has 
been  found  yet  idiich  can  be  added  to  reduce  this  tracsoission. 

Using  the  above  absorbers,  foraulations  of  broad  absorption  products 
were  initiated  (Table  XIV).  First,  a  system  with  a  high  O.D.  at  1.06  pm 
with  broad  absorption  in  the  1  to  6  pm  range,  with  a  low  O.D.  at  0.6943  pm 
was  looked  at  (R3203-4B) .  The  O.D.  was  at  least  3.0  from  0.80  to  1,74  pm. 
From  1.74  pm  to  2.7  pm,  the  sample  had  snail  transmittance  peaks  (maximum  of 
30%  T)  and  the  O.D.  was  3.0  or  over  from  2.7  to  6.0  pm. 

However,  since  the  combination  of  IR-99  and  IR-126  appeared  to  have 
better  light  stability,  sample  R-8203-.13A  was  molded.  The  sample  "bottomed" 
from  0.780  to  1.78  pm  in  the  near  infrared.  After  500  hr  of  FOM  exposure, 
the  sample  gives  good  neodymium  protection  with  broad  absorption  to  1.8  pm. 
There  was  76. 4Z  of  the  broad  line  absorber  remaining. 

Samples  R8203-10A,  lOB  and  IOC  were  molded  to  obtain  absorption  at 
0.530  pm  as  well  as  0.6943  pm  and  1.06  pm.  The  samples  -  lOA  and  10 B  had 
good  FOM  stability  through  500  hr  of  exposure.  (Table  XIV).  After  1,500  hr 
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Table  21V 


Foamlations  in  C^lulose  Prooionate 


Santle.  R3203- 

43 

m 

lOB 

IQC 

13A 

44A 

44B 

Cellulose  Propionate,  g 

1,000 

1,000 

1,000 

1,090 

1,000 

1,000 

1,000 

ClASaSB  lR-99,  g 

- 

4.55 

6.05 

5.06 

0.03 

0.08 

4.7 

ClASORB  IR-117,  g 

- 

- 

- 

- 

- 

- 

- 

CIASORB  IR-126,  g 

1.92 

- 

- 

1.72 

1.92 

1.92 

1.92 

C1ASC2B  IK-282,  g 

0.08 

- 

- 

- 

- 

- 

- 

K-283,  g 

- 

3.2 

3.2 

- 

- 

- 

- 

CYASORB  UV  24,  g 

3.00 

2.0 

2.0 

3.0 

3.0 

3.0 

3.0 

Thickness,  nils 

62 

62 

Luninous  Transaittance,  % 

47 

25 

22 

22 

42 

48 

23 

O.D.  at  0.53  va 

- 

4.05 

3.93 

- 

- 

- 

O.D.  at  0.6943  urn 

0.9 

3.5 

4.05 

5.5 

1.13 

1  .0 

4.5 

O.D.  at  ^.06  pa 

4.5 

4.5+ 

4.5+ 

4.5+ 

4.5+ 

4.5+ 

4.5+ 

500  hr  FOM  Exposure: 

O.D.  at  0.53  pm 

- 

4.05 

3.93 

- 

- 

O.D.  at  0.6943  pm 

- 

3.05 

3.53 

4.5 

1.09 

O.D.  at  1.06  pm 

- 

4.5 

4.5 

4.5 

4.5+ 

Transmittance,  % 

- 

16.5 

14.5 

11 

35 

1,500  hr  FOM  Exposure: 

O.D.  at  0.53  pm 

- 

3.8 

3.75 

- 

- 

O.D.  at  0.6943  pm 

- 

2.75 

3.2 

- 

- 

O.D.  at  1.06  pm 

- 

4.5 

4.5 

- 

- 

Transmittance,  % 

- 

15 

13 

- 

- 
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of  lOM  gifoiire,  tbe  optical  dcosi^  at  0.6943  ym  aas  sli^tly  loBered. 
Hoaevcr.  tiie  BMpIrt  are  considered  to  be  qnite  stable.  Sai^le  IOC 
retaiaed  80Z  of  tiie  HI2.  absorption  after  500  br  of  FOK  exposure. 

5snplrr  B8203-10C  and  -13A  were  raK»lded  and  labeled  R8203-44A  and 
*-44B,  respectively.  Sa^ile  -44A  "bottosed”  iron  0.80-1.74  im.  Sa^^le  -44B 
"bottoned”  froa  0.66-1.76  yn*  These  noldings  were  nade  to  confim  the 
reproducibility  of  the  systen. 

During  Che  coarse  of  thdLs  investigation  Celanese  Plastics  Co.  Infoned 
us  that  they  were  going  out  of  the  cellulose  propionate  aolding  powder 
business.  Thus,  we  began  to  evaluate  cellulose  propionates  produced  by 
other  suppliers.  It  was  detemlned  that  the  polymer  produced  by  Tennessee 
Eastman  could  be  utilized  (Table  XV). 

Table  XV 

Comparison  of  Propionates  Containing  IR-99  and  IR-126 

_ Cellulose  Propionate _ 


Eastman  Celanese 


After 

After 

Initial  300  F(K1  Hr 

Initial 

300  F(»I  Hr 

Luminous  Transmittance 

502 

40% 

48% 

39% 

O.D.  at  0.84  ym 

4.5+ 

3.1 

3.7 

3.2 

O.D.  at  1.06  ym 

4.05 

4.5 

4.5 

4.5 

Z  NIR  Remaining 

89% 

84% 

The  data  indicate  Chat  any  of  the  six  formulations  In  Table  XIV  can  be 
used  to  give  broad  band  laser  protection. 

A  multi-purpose  laser  spectacle  developed  under  a  previous  Air  Force 
Contract  (6)  was  reformulated  to  eliminate  "saturation"  of  the  dye  under 
Q-switched  ruby  laser  impact.  CYASORB  IR-290  was  eliminated  in  the 
formulation  and  replaced  with  CYASORB  IR-99. 
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1,000  g  ,  Cellulose  Propionate 
6.05  g  CXASORB  lR-99 

3.2  g  K-283  Absorber 
2.0  g  CIASORB  UV  24 

This  had  a  luainous  transnittance  of  22Z  with  the  following  O.D.'s. 

X  (yn>  1.06  0.6943  0.671  0.633  0.530  R8203-103 

O.D.  4.5+  4.1 -  2.7  1.2  4.0  - 

Another  foraulation  with  a  slightly  lower  0,D.  at  0.6943  pn  was  prepared. 
1,000  g  Cellulose  Propionate 
4.55  g  IR-99 

3.2  g  K-283 
2.0  g  UV  24 

R8203-10A  A  (pm)  1.06  0.6943 

4,5+ 


0.671  0.633  0.530  Y  Value  (Z) 
2.3  1.1  4.1  25 


O.D.  4,5+  3.5 

This  was  slightly  lighter  than  K8203-10B. 

2.  Polycarbonate 

Merlon  M39F  polycarbonate  was  evaluated  with  CYASORB  IR-117  Infrared 
Absorber  as  a  possible  substrate  by  mixing  0.1  g  of  the  IR-117,  0.2  g  of 
CYASORB  UV  24  Light  Absorber  and  10  g  of  plastic  and  injection  molding.  The 
sample  was  axposed  in  the  FOM.  After  100  hours  of  exposure,  it  was  apparent 
that  the  Merlon  M39F  was  not  compatible  with  IR-117 .  The  sample  absorption 
had  lifted  extensively  in  the  NIR. 

In  order  to  determine  if  the  instability  of  the  radical-cation  type  of 
Infrared  absorber  in  polycarbonate  Is  uue  to  the  nature  of  the  polymer 
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Itself  or  due  to  additives,  sows  unstabilixed  polycarbonate  ponder  was 
dbtJdned  free  General  Electric  Co^aiqf.  As  a  representative  of  a  radical- 
cation,  IR-117  was  solvent  cast  fron  a  netl^lene  chloride  solution  of 
polyeaxbonate.  Even  with  a  UV  absorber  present,  after  100  hours  in  sai 
unit,  tbe  IR-117  was  extensively  degraded.  This  would  indicate  that  our 
absorbers  are  not  stable  in  polyeaxbonate,  and  there  appears  to  be  little 
~  'diance  of  stablj^tog  that  in  th^  m^strate. 

The  near-infrared  spectrun  of  the  hydroxymethacrylate  polymer,  Hydron, 
coated  on  polyeaxbonate  did  not  show  any  appreciable  difference  from  that 
of  the  base  polycarbonate. 

CTASORB  H-249  Infrared  Absorber  was  molded  in  Lexan  polycarbonate.  The 
60  all  thick  sample  had  a  luminous  transmittance  of  12. SZ  and  O.D.  of  6.1 
at  0.6943  pm.  This  transmittance  is  too  dark  to  be  of  use.  After  500  hr 
of  FOH  exposure  the  transmittance  was  11. 5Z  and  the  O.D.  at  0.6943  ym  was 
over  5.5. 


Q 

rj 

D 

u 
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The  Pd  complex  of  dlthlobenzoin  was  injection-molded  in  polycarbonate 
with  excellent  results.  The  color  was  a  pleasing  brown,  with  a  luminous 
transmittance  of  29%.  The  NIR  absorption  was  strong  from  0.800  to  1.0  ym. 
This  could  be  useful  for  gallium  arsenide  protection,  but  not  broad  near- 
infrared  laser  radiation  protection. 

The  product  made  by  coupling  squaric  acid  with  B-naphtho3  was  mixed 
with  Lexan  141R  polycarbonate  and  injection  molded.  This  mix  decomposed  at 
the  molding  temperature  of  polycarbonate  (about  500"?) .  Similar  results 
were  obtained  when  the  tetrabutylammonium  salt  of  nickel  thlonaphthol 
(X  max  1.06  ym)  was  molded  in  Lexan. 
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Qslag  the  foUoviag  fonmlatlon  saroral  «ore  Asorbers  were  evaluated 
la  ^iyeaxbodate: 

500  g  Lean  141S  Polycarbonate 
0.2  g  Infrared  Abaorber 
l.S  g  (TtASORB  UV  24  Ught  Abaorber 
Tba  additives  molded  included: 

(1)  Genacryl  Blue  salt  of  l-siercapto-2~naphthol  nickel  complex 

(2)  Bis(o-mercapto  anlllno}nlckel 

(3)  Bis  (o-phenylenedlanlr.o)nickel 

(4)  "Neutral"  B-^phthol  aercapto  nickel 

(5)  (Bu)^n'^  Salt  of  bis (tolueneditbiol) nickel  complex 

(6)  Palladium  dithloanlaoin 

(7)  Nickel  dlthloanlsoin 

(8)  "Neutral"  bie(toluenedlthlol)nickel 

Numbers  1  through  S  and  8  decomposed  on  molding  In  polycarbonate  at  510*F. 
Nudiers  6  and  7  came  out  ^mll.  The  Pd  dlthloanlsoin  (R8203''46-l)  had  a 
strong  peak  centered  at  0.960  ym  with  a  Y  value  of  64-65Z.  The  Ni 
dlthloanlsoin  (R8203-46-2)  bottomed  out  from  0.900  to  0.960  ym,  with  the  peak 
centered  at  0.930  ym  and  a  Y  value  of  55Z.  However,  neither  of  these  would 
be  useful  for  the  1.06  ym  line  of  an  Nd  laser.  They  do  represent  some  of 
the  only  materials  to  withstand  molding  In  polycarbonate  and  retain  NIR 
absorption. 

We  prepared  a  formulation  of  absorbers  for  the  UV  and  visible  lasers 
for  molding  in  polycarbonate. 


f 
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500  g  liexan  141R 
0.05  g  Orange  Z-7078 
0.05  g  "Genacryl  Blue  (SbFg'  salt) 

0.45  g  CYASORB  H-249  Infrared  Absorber 
1.5  g  CYASORB  UV  24  Ligl.t  Absorber 
This  molded  well  and  gave  the  following  results: 

_ 0^. _ 

Y  (Z)  0.322  urn  0.337  urn  0.488  urn  0.5145  lia  0.530  un  0.633  um  0.6943  »m 

17-18  5.5+  5.5+  0.8  0.8  0.7  2.1  3.8 

To  get  an  O.D.  of  at  least  3.0,  more  Genacryl  Blue  SbFg**  salt  is  needed, 
as  well  as  more  Orange  Z-7078.  This  was  labeled  R8203-43A. 

3.  Polymethyl  Methacrylate 

Current  pilot's  visors  are  made  predominantly  from  polymethyl  methacrylate 
(PMMA)  with  a  small  quantity  of  visors  of  polycarbonate  available.  The 
absorbers,  which  we  Intended  to  use  were  not  compatible  with  polycarbonate, 
so  our  emphasis  was  on  PMMA  In  terms  of  visors  or  sheet. 

Castings  of  methyl  methacrylate  with  propylene  glycol  and  glycerine 
were  tried  at  a  2Z  level.  The  glycerine  was  not  compatible  and  exuded  from 
the  cast  sheet.  While  the  propylene  glycol  was  compatible,  it  did  not  give 
any  appreciable  absorption  in  the  1.9  to  2.3  pm  region. 

Several  Inorganic  copper  salts  were  tested  in  methyl  methacrylate 
monomer,  but  none  were  soluble.  Those  tried  included:  CuCl2’H20;  CuCl^ 
(anhydrous);  and  Cu(C2H^02)2< 

Monomer  castings  in  methyl  methacrylate  were  attempted  on  the  following 
compounds,  but  none  were  soluble  in  the  casting  syrup. 
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The  materials  previously  screened  in  solvents  for  absorption  in  the 
2.0  to  2.5  VB  range,  Table  XI,  were  evaluated  for  candidates  to  incorporate 
into  cellulose  propionate  or  methyl  methacrylate.  However,  none  were  found 
which  had  adequate  absorption. 

To  evaluate  NIR  absorbers  and  set  up  cure  cycles,  the  mixes  shown  in 
Table  XVI  were  prepared. 

Sheets  A*-!)  were  undercured,  and  the  casting  cells  were  difficult  to 
open.  Thus,  in  cells  E-H,  a  higher  level  of  AIBN  catalyst  was  used. 

Samples  A-D  also  indicated  that  IR--126  was  better  than  IR-117  in  cast 
sheets  and  that  less  IR  absorber,  in  general,  could  be  used. 
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T^toLZ  XVI 
tSKk  Casting  Mixes 


FoMuJU.jlon  in  Graais 


lt209-32> 

A 

B 

c 

E 

F 

G 

li 

Xil  Synv 

100 

100 

100 

100 

100 

100 

100 

100 

CSASOSB  12-282 

0.06 

0.06 

— 

— 

0.03 

0.03 

laCrared  Absorber 

OBSOU  ie.-U7 
laCrared  Absorber 

0.2 

- 

0.2 

- 

- 

....  0.15 

- 

0.15 

CSASm  12-126 

... 

0.2 

— 

0.2 

0.15 

0.15 

Isfeared  Absorber 

CZASIKS  12-99 

* 

0.06 

0.06 

— 

0.03 

0.03 

lafirarod  Absorber 

IrgaaoK  1076 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

AUS 

0.1 

0.1 

0.1 

0.1 

0.15 

0.15 

0.15 

0.15 

CUS02B  V9  26 

— 

— 

0.2 

0.2 

0.2 

0.2 

Ugbt  Absorber 

Th»  sables  (E-H)  were  such  better.  The  cure  was  better  although  the 


12-117  amples  were  still  soeewhat  troublestwe.  The  data  or:  the  sheets  are: 


Sa«>le 

Y  (Z) 

Absorbers  Used 

UIR 

O.D.  (1.06  ym) 

<E)  2-S203-33A. 

36 

IR-282;  IR-126 

bottoms  from 
0.760-1.78  ym 

6.5+ 

(F)  28203-33B 

60 

IR-282;  IR-117 

bottoms  from 
0.780-1.76  ym 

6.5+ 

(G)  E8203-33C 

39 

IR-99;  IR-126 

bottoms  from 
0.780-1.78  ym 

6.5-»- 

(H)  EE203-33D 

39 

IR-99;  IR-117 

bottoms  from 
0.780-1.76  ym 

6.5+ 
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In  these  castings,  IR-126  is  far  superior  to  IR-117  in  retaining  its 
activity  through  the  cure  cycle.  Frellcilnary  results  are  that  IR-282  is 
better  than  IK-99.  Light  stability  was  run  on  these  samples. 

Ai£ef~30(r"hi)ur8  -of  FOM  exposure,  the  monomer  cast  samples  still  look 
g<^T  r32'0^32A  combines  IR-126  with  IR~282,  and  this  looks  the  best. 
R8203-32C  combines  IR-126  with  IR-99  and  this  is  almost  as  good.  The  data 


**■ 

300 

Ur  F(M  Exposure 

O.D. 

Sample 

t  (Orlg.  i) 

Y  ^%) 

NIR  (%  Remaining) 

1,06  um  0.840  um 

R8203-32A 

36 

33 

85.5 

4.5+ 

4.5 

R3203-32C 

40 

34 

84.0 

4.5+ 

4.5 

The  R8203-32B  and  -32C  samples  have  IR-117  combined  with  IR-282  and  IR-99, 
respectively.  These  samples  are  weaker  in  the  DIR  region. 

After  1,000  hours  of  FOH  exposure,  R8203-32A  was  still  the  best  sample 
in  terms  of  NIR  retention.  The  sample  had  79%  of  the  NIR  absorber  remaining 
and  O.D.'s  of  4.5+  at  1.06  um  and  4.3  at  0.840  pm.  Thus,  formulation  R3203-32A 
was  used  to  provide  the  deliverable  cast  sheet . 

4.  Cadmium  Stannate 

It  was  believed  that  deficiencies  in  the  IR  absorption  characteristics 

of  the  organic  absorbers  might  be  removed  through  use  of  Cd2SnO^  films 

absorbing  all  radiation  with  A>1.7  ym  (O.D.^3).  Such  absorption  characteristics 

are  exhibited  by  highly  conductive  Cd^SnO^  films  supported  on  glass  surfaces 

(e.g.,  film  10162-66  which  had  been  heat-treated  in  at  280'’C  for  10  minutes, 

3  -1  -1 

0  ■  1.3  x  10  ohm  cm  ).  The  near-infrarea  spectrum  of  this  film  is  shotm 
in  Figure  4.  Thus,  we  investigated  the  deposition  of  Cd2SnO^  with  equivalent 
characteristics  on  cellulose  propionate  or  Acryllte®. 
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Our  previous  experience  with  the  deposition  of  Cd^SnO^  on  plastic 
surfaces  showed  that  film  reticulation  is  a  serious  problem.  This  problem 
is  related  to  the  mechanical  stress  induced  in  the  Cd^SnO^  film  by  the 
difference  in  the  coefficients  of  thermal  expansion  between  substrate  and 
fllm»  as  well  as  to  the  degree  of  film  adhesion  on  the  substrate.  Studies 
were  made  on  the  relative  importance  of  these  two  factors.  These  included 
surface  treatments  designed  to  improve  adhesion,  surface  temperature  measure¬ 
ments  during  sputtering,  film  thickness  effects,  and  the  differences  in 
film-substrate  coefficients  of  thermal  expansion. 

Samples  of  cellulose  propionate  used  for  laser-protective  goggles  were 
tried.  These  materials  are  plasticized  and  contain  a  liquid-like  layer  at 
their  surface.  Adhesion  of  Cd^SnO^  films  to  cellulose  propionate  was  very 
poor,  and  no  int'igral  films  could  be  deposited  irrespective  of  surface 
treatment  or  film  thickness. 

The  adhesion  of  Cd2SnO^  to  Acrylite  was  much  better;  good  thin  films 
('''O.Zp)  were  easily  deposited.  However,  the  coefficient  of  thermal  expansion 
(CTE)  of  Acrylite  is  about  100  times  that  of  Cd^SnO^;  this  factor  caused 
reticulation  when  the  film  thickness  exceeded  'v^O.Zp. 

The  first  approach  to  solving  this  problem  was  Acrylite  surface-treatment 
to  enhance  film  adhesion.  In  a  second  approach,  it  was  attempted  to  compensate 
for  the  difference  in  CTE  by  providing  a  plastic  Interlayer  with  a  low  glass 
transition  temperature  (Tg) .  In  this  way ,  the  Induced  stresses  could  possibly 
be  relieved  by  plastic  flow  during  cooling  of  the  sputtered  film.  Temperature 
measurements  of  the  surface  were  made  to  determine  the  degree  of  stress 
Involved . 
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The  results  of  surface  pretreatments  are  summarized  in  Table  XVII, 

The  chemical  pretreatment  was  based  on  a  procedure  used  to  metallize  plastics 
by  electrodeposition,  and  Involved  the  use  of  several  baths  for  etching  and 
activating  the  surface.  The  surface  treatments  described  did  not  sufficiently 
increase  adhesion  to  prevent  reticulation  of  the  thicker  Cd^SnO^  films 
(l-3u). 


Table  XVII 


Surface  Pretreatment  of  Acrylite 


Procedure 


Result 


Chemical  treatment  according  to  Discoloration  of  the  plastic  when  etching 
U.S.  3,579,365  bath  was  hot  (T>70‘’C) ;  reticulation  of 

thick  film  not  prevented. 

Exposure  of  surface  to  UV  for  Reticulation  of  thick  films  not  prevented. 

24-72  hours  (in  Weather-Ometer) , 


Exposure  of  surface  to  O.-plasma  Reticulation  of  thick  films  not  prevented, 
(surface  etching). 

Use  of  molded  Acrylite  containing  Reticulation  of  thick  films  not  prevented. 
no  mold-release  compounds. 

Deposition  of  thin  SIO  interlayer.  SIO  did  not  adhere  to  Acrylite. 


The  temperature  at  the  Acrylite  surface  during  sputtering  was  measured  by 
embedding  a  small  thermocouple  in  the  surface  of  a  1/8"  sample;  the  effects 
of  RF  power  and  chamber  pleasure  are  presented  in  Table  XVIII. 
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Table  XVlll 


Effect  of  Power-  and  Pressure  on  Surface  Tanperature 
RF  Power,  watts  Chgaber  Preasuret  y  (of  Hg)  Surface  Tanperature,  °C 


60 

13 

98 

60 

6 

86 

100 

6 

100 

ISO 

6 

118 

200 

6 

136 

These  temperatures  are  relatively  high,  even  at  the  lowest  practical 
power  level  of  60  watts.  The  samples  rested  on  a  water-cooled  platform,  and 
the  surface  temperature  reached  its  equilibrium  value  within  30  minutes. 

Stresses  in  the  film  created  during  cooling  of  the  sample  after 
sputtering  are  severe  if  the  CTE's  of  Cd2SnO^  and  substrate  are  significantly 
different.  The  CTE's  of  all  materials  upon  which  Cd^SnO^  h<i8  been  sputtered 
without  reticulation  problems  is  ^21  x  10  this,  therefore,  represents  a 
practical  upper  limit  for  the  CTE  of  untreated  substrates.  These  results  are 
summarized  in  Table  XIX, 
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Table  XIX 


Film  Formation  on  Various  Substrates 


Substrates  ^ich  Exhibit 

No  Problem  with  Film  Reticulation 

CTE.  X  10^ 

Glass 

2-10 

Fused  Quartz 

1 

Metals  (Cu,  Fe,  Nl,  Al) 

10-20 

Silicon 

7 

BaF^ 

21 

Substrates  which  Cause  Film 

Reticulation 

Acrylite 

70 

WaCl 

40 

The  glass  transition  temperature  of  Acrylite  is  105®C,  and,  therefore, 
the  material  is  brittle  over  most  of  the  temperature  range  encountered 
before  and  after  sputtering.  If  a  layer  of  material  with  Tg  near  room 
temperature  could  be  deposited  in  the  Acrylite  before  sputtering,  the 
thermally  induced  stress  could  possibly  be  relieved  by  plastic  flow  in 
this  layer.  A  polymer  consisting  of  a  polyvinylidene  fluoride  and 
polyethyl  (or  methyl)  methacrylate  mixture  was  available  (Tg  =  25 “C, 
compatibility  with  Acrylite,  visible  transparency).  Samples  of  this 
material  were  used  as  substrates,  and  Cd2SnO^  films  of  unusual  strength 
and  adhesion  were  easily  deposited  by  sputtering.  In  fact,  the  substrates 
could  be  bent  at  90®  angles  without  fracturing  or  peeling  the  Cd^SnO^  film. 
Further  development  of  this  approach  could  concentrate  on  denoslting  a  layer 
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of  the  PVdF-PQlA  polymer  on  Acryllte  by  either  hot-pressing  a  film  or  by 
forming  a  solution  of  the  polymer  and  subsequently  coating  the  surface. 

Cd2^°^4  films  heat-treated  in  at  280*C  have  maximum  IR  absorption. 
Since  Acryllte  cannot  be  heated  above  'vlOO^C,  and  no  reduction  occurs  below 
'v250*C,  the  required  IR  absorption  must  be  achieved  by  sputtering  thick 
films  in  pure  argon.  From  the  electrical  conductivity  of  films  sputt  .cU 
in.  argon  ('vl/3..that  of  films,  heated  in  H2  at  280*C),  it  is  estimated  that 
a  film  thickness  of  '«'10v  is  required  to  achieve  the  desired  IR  absorption. 

A  sample  (10162-126)  consisting  of  a  double  layer  of  a  fractured  Cd2SnO^ 
film  with  a  total  thickness  of  about  5p  (formed  by  placing  back-to-back 
two  1/8"  Acryllte  samples  with  2.5p  thick  Cd2SnO^  films)  was  evaluated. 

We  measured  a  transmittance  of  'vl3Z  at  1.7  pm  in  this  sample.  Since  the  IR 
absorption  is  due  to  free  carriers,  the  absorption  coefficient  Increases 
with  the  second  or  third  power  of  wavelength.  This  is  a  desirable  feature, 
as  the  specifications  for  the  laser  goggles  call  for  general  IR  absorption 
out  to  10  pm.  However,  the  plastic  substrates  themselves  have  good  IR 
absorption  beyond  3  pm;  thus,  the  absorption  of  Cd2SnO^  in  this  spectral 
region  is  not  necessary.  In  addition,  the  problems  of  application' and 
maintenance  of  the  Cd2Sn0^  films  on  visors  and  goggles  appear  to  require 
considerable  work  in  order  to  determine  possible  utility.  It  was  decided 
to  abandon  this  approach,  for  the  time  being,  and  concentrate  on  absorbers 
which  could  be  Incorporated  into  the  plastics. 
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5.  Miscellaneous  Polymers 


Polyethylene  Terephthalate 

An  attempt  %ias  made  to  use  Eastman  polyethylene  terephthalate  as  the 
polymer  for  its  impact  properties.  Houeyer,  the  NIR  absorbers  were  not 
stable  in  this  matrix,  and  decomposition  was  observed  on  injection-molding. 

Polyamide  Polymer 

k  new  polymer  with  good  Impact  properties  ai^  good  clarity  was 
evaluated  with  CYASORB  IR-117  Infrared  Absorber  to  see  if  it  could  be 
molded.  The  polymer,  Trogamld  T,  a  clear  polyamide  from  Dsmamlt  Nobel, 
was  molded  at  400  to  450”F.  The  lR-117  was  completely  degraded.  Evidently, 
the  near-infrared  (NIR)  absorber  is  not  stable  in  this  plastic,  as  IR-117 
can  be  molded  in  polymethyl  methacrylate  at  these  temperatures. 

Polyvinyl  Chloride 

The  Pd  complex  of  dithloanlsoln  was  solvent -cast  in  a  thin  PVC  film, 
as  was  the  Pt  complex  of  dlthlobenzoln.  After  200  hours  of  FOM  exposure, 
the  Pt  complex  became  darker,  while  the  NIR  absorption  remained  about  the 
same  (absorption  from  0.750  to  0.860  pm).  The  Pd  complex  lost  strength  in  the 
NIR  (originally  "bottomed"  from  0.910  to  1.03  pm).  Exposure  was  stopped  at 
this  point.  Both  of  the  above  films  were  stabilized  with  CYASORB  UV  24 
Light  Absorber. 

6.  Physical  System  of  Attenuating  from  1.9-2. 3  pm 

Since  no  absorbers  were  found  for  this  region,  an  attempt  to  get 
absorption  in  this  region  with  water  was  made.  A  FOG-BAN®  lens  was  obtained 
from  Glendale  Optical  Company,  which  consists  of  two  cellulose  propionate 
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lenses  heat-sealed  together  at  the  edges  with  a  3/16"  air  space.  This  fits 
into  a  standard  "Softie"  goggle  frame.  The  air  space  was  filled  with  water 
on  a  lens.  This  absorbed  quite  strongly  from  1.88-2.5  ym.  A  mixture 
of  water  and  ethylene  glycol  (85:15)  was  found  to  be  good  also.  This 
mixture  would  prevent  freezing  at  lower  temperatures . 

If  the  FOG-BAN  lenses  could  be  molded  with  our  current  formulation, 
then  the  lens  filled  with  the  absorbing  liquid,. the  window  from  1.9-2. 3 
ym  might  be  eliminated.  However,  this  particular  solution  to  the 
problem  would  only  work  for  that  specific  configuration  and  would  not  be 
applicable  to  monomer  cast  sheets. 

The  FOG-BAN  lens  configuration  containing  an  absorbing  liquid  layer  in 
the  Interspace  was  found  to  have  too  much  refractive  power  to  be  useful  as 
a  laser-protective  lens  unit.  The  distortion  through  the  lens  was  excessive. 

C.  Deliverable  Items 

On  June  JO,  1972,  25  each  of  Softie  Laser  Eye  Goggles  (item  OOOIAB) 
and  90  each  of  Goggle  Filter  Lenses  (item  OOOIAC)  were  sent  to  Brooks  Air 
Force  Base.  These  are  the  designations  for  deliverables  in  Modification  1 
of  the  subject  contract  dated  24  January  1972. 

The  OOOIAB  Goggles  have  the  same  lenses  as  item  OOOIAC.  These  lenses 
have  a  luminous  transmittance  of  40-42%.  The  goggle  frames  are  opaque. 

The  60  mil  thick  goggle  lenses  were  molded  at  Glendale  Optical  Co.,  Inc. 
using  the  following  formulation: 
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50  lb  Eastba '  Cellulose  Propionate 
2.18  g  CYASORB®  lR-99  Infrared  Absorber 
50.20  g  CYASORB®  IR-126  Infrared  Absorber 
68  g  CYASORB®  UV  24  Light  Absorber 
Optical  densities  for  the  115  lenses  are  tabulated  below. 
Wavelength  In  ua  Optical  Density 

0.30-0.40  5 


0.6943 

0.84 

1.06 

0.78-1.76 

1.8-2. 2 


0.9 

3 

4 

3  min 
<1 


2. 2-2.4 

2.4-2.75 

2.755-14.0 


2-3 

<1 

3  min 


The  cast  acrylic  sheet.  Item  OOOIAA  in  Modification  1  of  the  contract, 
was  prepared  using  the  following  formulation: 

2,700  g  Acrylic  Casting  Syrup 

0.675  g  CYASORBO  lR-282  Infrared  Absorber 

3.75  g  CYASORB®  IR-126  Infrared  Absorber 

0.54  g  Irganox  1076 

5.4  g  CYASORB©  UV  24  Light  Absorber 
4.05  g  AIBN 

A  total  of  14  sheets  were  sent  to  Brooks  Air  Force  Base.  Each  sheet  was 
approximately  13"  x  12.5"  x  0.100",  or  1.128  square  feet.  Thus,  a  total 
of  15.8  square  feet  was  sent. 
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There  were  7  perfect  sheets  sent,  and  7  sheets  containing  a  few  small 
air  bubbles  per  sheet. 

The  cast  filter  sheets  were  our  Reference  Numbers  R8203-13AB,  -134C, 
-134D;  K8203-135A,  ^135B,  --135C,  -135D,  -135E;  and  R8203-137A,  -137C, 
-137D,  -137E,  -137F. 

Ihe  filter  material  has  a  luminous  transmittance  of  35%. 

Following  is  a  tabulation  of  optical  densities  of  the  cast  acrylic 
filters. 


Wavelength  in  wm 
0.30-0.40 
0.6943 
0.84 
1.06 

0.78-1.76 
1. 8-2.2 
2. 2-2. 4 
2.4-2.75 
2.755-14.0 


Optical  Density 
5+ 

1 

4 

4 

3  min 
<1 
2-3 
<1 

3  min 
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111.  CONCLUSIONS 


The  synthetic  search  for  new  absorbers  concentrated  on  the  Type  II  and 
Type  III  structures.  Since  many  compounds  of  these  structures  were  examined, 
some  conclusions  can  be  drawn  with  respect  to  their  chemical  constitution 
and  spectral  properties. 

A.  Spectral  Correlations  of  Some  Near- Infrared  Absorbers 
1.  Substituent  Effects 

In  the  Type  A  compounds  (the  aromatic  dlthlolates) ,  according  to 
G.  N.  Schrauzer's  theory  (12-14),  we  have  chelate  systems  in  which  the  ligands 
and  the  metal  p-orbltals  can  be  considered  as  being  part  of  an  electronic 
system  similar  to  organic  compounds  with  delocalized  ground  states.  In 
compounds  1,  4  and  S  (Table  IV)  we  see  the  spectral  effect  of  putting 
substituents  on  the  benzene  ring  of  these  chelates  is  essentially  the  same 
as  that  found  for  a  regular  polys ubstltuted  benzene  ring.  In  comparing 
compounds  1  and  4,  the  additional  placement  of  two  methyl  groups  on  the 
respective  rings  in  compound  4  shifts  the  \  max  in  compound  1  from  0.89  um 
to  0.90  v>m  in  compound  4.  The  effect  of  replacing  the  methyl  groups  in 
compound  4  with  methoxyl  groups  on  the  spectrum  of  compound  5  is  in  keeping 
with  results  found  in  the  literature.  Since  methoxyl  groups  have  been  shown 
to  be  greater  electron  releasing  groups  than  methyl,  the  shift  in  X  max  of 
compound  4  from  0.90  ym  to  0.95  ym  in  compound  5  is  in  keeping  with  known 
substituent  results  in  aromatic  systems.  The  size  of  the  shift  (0.05  ym)  Is 
considerable,  but  unfortunately  with  our  present  level  of  knowledge  of 
these  systems,  It  Is  not  possible  to  account  for  the  magnitude  of  the 
spectral  result. 
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The  Type  E  compounds  (the  diamine  analogs  of  the  Type  A  compounds). 

Table  VII,  with  a  fused  aromatic  ring  on  the  basic  dlamino  ring  system 
show  the  greatest  substituent  effect  in  going  from  methyl  to  (Hnethyl  on 
the  benzene  ring.  It  should  be  noted  in  examining  the  spectral  data  of 
compounds  1,  6  and  7,  only  a  small  bathochromic  shift  in  the  spectrum  of 
compound  1  (X  max  0.78  ym)  is  obtained  by  the  substitution  of  one  methyl 
group  (compound  6,  X  max  0.785  ym)  or  two  methyl  groups  (compound  7,  X  max 
0.79  ym)  or  each  benzene  ring.  In  the  case  of  compound  5^  with  O-methyl 
replacing  methyl,  a  large  dramatic  shift  of  0.215  ym  is  observed  (X  max 
1.0  ym  for  compound  5).. 

A  possible  mechanism  for  this  anomalously  large  bathochromic  shift 
could  involve  a  qulnoidal  through  conjugation  resonance  structure  with  a 
partial  positive  charge  residing  on  the  oxygen  and  a  partial  negative  charge 
on  the  nitrogen  or  the  metal  atom.  It  should  be  pointed  out  that  the 
weighting  factor  for  any  resonance  structure  is  dependent  on  such  factors, 
for  example,  as  the  separotlon  of  charge,  which  in  this  case  would  be 
sufficient  to  Include  this  structure  as  a  meaningful  part  of  the  total 
electronic  structure  of  these  compounds.  The  placement  of  an  additional 
o-methyl  group  should  be  additive,  but  at  the  sjune  time  have  only  a  relatively 
small  effect  if  the  aforementioned  concept  has  some  validity.  The  X  max 
for  compound  8  (l.e.,  with  two  O-methyl  groups  on  each  benzene  ring)  is  at 
1.02  ym  which  is  only  0.02  ym  to  the  red  of  compound  5.  The  relatively  small 
spectral  shift,  then,  would  be  in  keeping  with  our  interpretation. 

The  Type  F  compounds  with  mixed  chelating  ligands  of  sulfur  and  nitrogen 
on  an  aromatic  ring  show  anomalous  results  when  bridged  with  glyoxal  and 
blacetyl  (Table  VIII) .  By  bridging  compound  1  with  glyoxal  to  give  the 
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zsd  arJiss  aSacs.  7^  aauft  fs  5ofa^  fses  <Ea.-sg!»>T  to  ecalfsa-  Class,  fs- 

f'.^as  S  ts  e3r*aouaf  I'D)  Is  a  ce'iecif^  ef  t.tr  larxease^  eie-'Srer 


acleasSas  ycaoer  s£  scifsc  cases'  •ojrsses- 


Ihe  sobstitnCcd  derivatives  cf  co^ouad  11  (l.e.,  cosponods  20,  22  and 
25)  dmw  t3ie  effect  of  O-sli^l  snbstitoeat  on  Slie  absorption  spectztta  of 
tiMse  dltiiiolates  chelates.  In  cospaind  25,  the  O-netlqrl  snbstitoent  idsidi 
Is  located  ofi  only  one  part  of  the  pbes^l  sidistitcted  dithinlate  system  Alf  ts 
the  k  aer  of  conpoiwd  12  fcoa  &.865  m  to  0.895  vm  for  conpoond  25.  The  addition 
of  O  netbyl  groa|«  os  the  otiicr  side  of  conpoond  25  {i.e.,  ronpoond  20) 
diift  tiie  k  aax  of  ^onpoiwid  25  fron  0.895  pn  to  0.920  pa  for  roapound  20. 

tse  aerial  sro:^  vitb.  nrbutfl  Ci.e.,  coapoond  22),  dufts  the 
1  aas  of  ctoppona  20  fron  0.920  pa  to  0.930  ps  for  caapowad  22.  Hiis  sU^it 
increase  of  O-mrbctji.  over  O-neciq'l  reflects  the  snatsr  eiect?.sa  releasing 
foaer  of  the  m&jritnent  with  longer  aligrl  diaia. 

2-  Ibe  Effect  of  giffereat  28etal  Atoras 

la  tae  varions  tjrpes  of  chelat/iis  discsissed  in  toe  prccediag  SohsertlOB  1, 

«e  dealt  vith  s^stens  that  all  had  aicicel  as  the  c'lelated  aetal  atcos.  la 
this  Section,  tee  rcsclts  that  weric  foaad  viXM  other  aerals  vill  he  saona 
aish  the  iaplied  criterioa  of  stabilization  of  the  piacar  geoaetry  with 
I'egasd  to  dae  aoleceiar  ozhital  of  the  ligaad  sjsteai,  aad  the  Isteractios 
of  tie  p-o3hitaIs  «irh  the  &cver.  On  the  basis  of  this  geaezrl 

isterpretatfo:?  and  vSsSaosz  goisg  isto  a  ceapiicated  descripticsa  ca  the 
zelexast  s-SSI5*s  of  t3«  ligand  aad  atacic  orhisals  of  ti«  aetal,  the  size  of 
thr  feag5aar.%g-.aBr€«-  saif  t  aac.  to  sane  de^ee,  the  aa^dtade  of  the  atalecclar 
cztiactioa  coeffidest  vill  he  a  fasctfos  of  the  degree  to  vhlch  a  gircsa 

istszacts  virh  the  chelatirg  Ijgaads.  loas  is,  the  ^eatsr  the  dift 
aad  iacrease  is  ^tsasptislty  of  ehe  the  greater  the  Sotezactioa 

heSaiBes  esesrcnolt  sshitals  cf  shr  astsu  etc:  ariecssler  esh  -~»is  -sf 


she  Ifgaad. 


Soae  exacples  are  to  be  found  for  several  classes  of  transition  aetals 
in  the  various  types  of  coapouuds  illustrated  in  Tables  IV-IX.  The  aetal- 
1-i^nd  systens  which  seen  to  have  the  greatest  abscrntivity  at  longer 
wavelengths  are  based  on  Group  Vlll  transition  aetals  represented  by  nickel » 
palladioB,  and  platinun.  In  general,  the  platinua  cocpcucds  absorb  at 
sooewhat  shorter  wavelengths  than  nickel  and  palladiun  but  with  greater 
absorptivity.  Sooe  exsaples  of -these  general  statenents  axe  to  be  found  in 
Table  XX. 

A  bathochronic  ^hift  appears  to  take  place  in  changing  the  aetal  fron 
cobalt,  to  osaiue  to  platinum  to  nickel  and  to  palladion  (conpounds  11,  13, 
15,  12  and  14,  also  conpounds  16,  17,  20  and  21  of  Table  IX). 
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ta>ie  XX 


Co^Kwnds  and  HIR  Spectra 


Pt 

Hi 

Pd 

Reference 

l^le 

Zaaif. 

Ho. 

A  nax  (wn) 

Coa^. 

Ho. 

A  naz  (itn) 

Cenp. 

Ho. 

A  nax  (vn) 

nr 

6 

0.89 

5 

0.95 

8 

0.98 

V 

6 

- 

3 

(1.06 

(1.62* 

5 

1.64* 

vu 

9 

0.89 

8 

1.02 

U 

1.08 

VII 

4 

0.711 

1 

0.78 

3 

0.78 

VIII 

- 

- 

1 

0.865 

3 

0.865 

IX 

15 

0.80 

12 

0.865 

14 

0.885 

n 

17 

0.863 

20 

0.92 

21 

0.948 

IX 

7 

0.74 

6 

a.773 

*3tot  X  max,  secoadazj  peaks* 


3.  The  Effect  of  Additional  Fused  Aroaatlc  Rings 

The  effect  of  fusing  addltlonel  eroaatlc  rings  either  linearly  or 
SBgnlsrly  on  an  aroaatlc  system  (e.g.,  benze'^  n^hthalene)  is  an  increase 
in  the  wavelength  of  *  '*■  v*  transitions.  If  these  systeas  are  indeed 
"araaatic"  systeas  as  described  by  Schrauzer  (12-14) »  then,  the  very  ease 
soectral  effect  should  be  observed  in  going  froa  the  /used-ring  benzene 
CfM^ound  to  higher  order  derivatives  such  as  the  nr.phthalene  S3rstea. 

Several  exaz^les  are  coapounds  1,  3,  4  of  the  Type  B  materials  (Table  V). 
In  going  from  the  benzene  ring  in  compound  1  to  na^tbalene  ring  in  compound  3, 
we  see  a  small  red  shift  and  a  decrease  in  absorptivity  of  the  main  band  from 
1.02  um  (a  •  25.5)  in  compound  1  to  1.06  m  (a  *  17.1)  in  coinoond  3. 
however,  in  the  case  of  coiqtoond  3  we  have  picked  up  two  additional  bands  in 
the  near-infrared  located  at  1.34  pm  (a  »  9.8)  and  1.62  ;ta  (a  «  4.1).  In 
additiem,  changing  of  Uie  counter  ion,  tetra-r.-bu^l  ammonium,  in  compound  3 
for  potassium  in  compound  4  yields  the  follow'aig  near-infrared  bands: 

1.675  pm  (a  »  7.5),  1.565  pc  (a  -  5.8),  1.36  pm  (a  »  15.9),  1.185  pm  (a  =  25.5), 
and  1.1  pm  (a  »  31.3).  In  compound  4,  there  would  ^tpear  to  be  combination 
of  factors  operating:  (1)  the  increased  conjugation  effect  of  the  additional 
ring,  and  (2)  an  increased  polarizatioa  effect  of  the  potassium  ion  over  that 
of  the  te%ra-tt-bstyl  aamonixa  ion.  Three  additional  examples  are  compounds  1, 
12  and  14  of  the  Type  £  series.  In  these  diamino  analogs,  as  noted  before, 
the  spectral  Kxifts  are  quite  large.  In  goiag  from  the  1,2-diasino  Lenzeae- 
nidacl  system  (oampoued  I)  to  the  1,2-diaaiao  n^attialeae,  a  acar-i  of  raced 
spectral  shift  of  0.25  ns  is  ootaised  (from  0.7B  pn  In  cospossd  1  to  1.03  sot 
in  caapoaad  IZ*^.  additianal  sshstantial  shift  of  0.12  ns  is  aotei  is 
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from  co^KMod  12  (X  max,  1.03  im)  to  9,10-dlaKino  phenanthrene 
(coi^oaiid  14,  X  iuk,  1.15  im).  Unfortimately,  the  a  values  or  aolar  extlnccion 
coefficients  ace  not  available  for  coapounds  12  and  14.  The  very  large 
spectral  ifaift  <d>served  in  these  coapounds  is  due  to  the  probable 
iaportance  of  quinoidal  structures  in  the  electronic  description  of  these 
aaterials.  This  sane  type  of  pheaoaenon  «as  observed  and  coaaented  on  earlier 
in  a  discussion  .of  jthe  substituent  effects  on  the  same  ortho-l.T-diaaino 
aroaatic-aetal  systeas. 

4.  The  Effect  of  M.  S,  0  Coordination 
The  results  are  inconclusive  on  a  study  of  the  effect  of  nitrogen,  sulfur, 
ooqrgen  and  various  coidilnations  of  tiiese  three  eleaents  When  cocrdlnated  to  a 
aetal.  This  is  shoim  in  Tables  XU  and  XXII.  Soae  of  the  inconsistencies 

O 

gjg^t  be  due  to  ^e  is^jrlty  of  the  coapound  being  used  to  aake  the  aeasure- 
aent.  Most  of  the  coaposnds  listed  in  the  Section  II  A  CResults)  of  this 
report  ucre  not  tboroa^ily  analyzed  and  structures  definitely  proven. 

Table  XXI  isdacates  a  change  fcoa  ditfaiol  coordination  to  oj^gen-nitcogen 
cocrdinatica  gives  a  Iqrpsochroaic  dtlft  of  about  0.09  va  (see  coapounds  e  and  f). 

Ibe  shift  froa  a  dioxide  coordination  to  a  thiol-oxide  condensation 
(coapounds  a  and  b)  cannot  be  coapared,  since  coapound  a  van  black  and  ioMluble. 

A  bathoo'uroaic  shift  of  over  0.10  vm  seeas  to  occur  in  changing  froa 
the  jadne-oxide  structure  to  the  tidol-ozide  stracture  (coLpounds  j  and  fa). 

Caapo^ani  j  faad  visible  absorpCloc,  fast  no  £12  absorption,  adiile  coepound  fa 
iad  a  X  sax  in  ^>e  £12. 
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Table  XXI 


Change  of  Coordinating  Group  V  or  VI  Atoas 
Reference  .  ' 

ih>»  Table  Conpound  Structcre 


NIR  X  nax 
ins 


None  detemined 


1.02 


0.865 


0.78 


0.90 


0.81 


0.79 


1.05 
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Table  XXl  -  Continued 


Reference 

Mo.  Table  Coapound 
j  VI  4 

k  VII  12 


Structure 


NIR  X  aiax 
pc 


None 


1.03 


Table  XXII 


Change  froa  Dlthlol  Coordination  to  Diamine 


Reference 

Ko«  Table  Conpound 


Structure 


X  max 
va 


0.89 


0.785 


0.90 


0.79 


e  W  7 


£  VII  11 


CH,0-/\ 


1.3 


1.08 


Change 

iim 


-0.105 


-0.11 


-0.22 
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Tible  XXII  -  Continued 


Reference 

Mo.  Table  Coi»pound 
j  IV  5 


CH_(>- 
CH,  - 


k  VII  ”  8 


1  IV  9 


CH,0- 

CHjO- 


.A 

} 


Structure 


v/\  . 


A  bathocbroHlc  shift  appears  to  take  place  When  diamine  coordination  is 
changed  to.  thiol-oxide  coordination  (compounds  k-h  and  d-b). 

Coi^axing  compounds  a  and  d  would  seem  to  indicate  little  difference 
between  dioxide  and  diamine  coordination.  A^aln  the  instability  of  the 
dioxide  compound  may  have  given  us  misleading  data.  This  same  situation  is 
present  with  dioxide  to  thiol  amine  coordination  (compounds  a  and  c) . 

•'  '  The'effeCt-of-the  change  from  diamine  to  amine-oxide  is  ambiguous,  see 

compounds  f-g  and  J-k.  However,  it  would  appear  that  changing  from  a  diamine 
to  an  amine-thiol  coordination  gives  a  bathochromlc  shift  of  80  nm. 

Table  XXII,  gives  examples  of  the  change  from  dlthlol  coordination  tc 
diamine  coordination.  Compounds  e  and  1  are  undoubtedly  Impure,  since  their 
X  mix  are  not  in  keeping  with  the  general  pattern  found  in  the  other  compounds 

8.  He^^mm^mdat^^^ruj^ 

With  the  overall  difficulty  of  preparing  polycondensed,  aronatic  ring 
systems  with  the  proper  substituents  ortho  to  each  other  and  obtaining  good 
thermal  and  nbotostabillty  of  the  resulting  chelates,  the  synthesis  of 
such  systems  should  be  re-evaluated  to  seek  a  method  Which  wuld  yield  the 
desired  chelating  ligand  la  the  least  number  of  steps  and  might  afford  the 
most  stable  system  with  the  desired  spectroscopic  properties.  The  preparation 
in  diis  laboratory,  of  system  (XV)  which  bad  a  A  max  at  1.03  and  0.81  tm, 
indicates  that  this  tjpe  of  structure  might  be  of  special  interest  because 

-  V\ 

1  o  1  1  o  1 


•■3 

ft: 


Its  X  aax  values  are  at  longer  vavelengths  than  any  of  the  vither  analogous 
systems  incorporating  a  single  benzene  ring.  Additional  investigation  of 

the  possibility  of  developing  other  systems  based  on  XV  appears  quite 

» 

good,  since  an  excellent  way  to  form  these  materials  is  to  start  with  an 
amino  derivative  (either  in  the  1  or  2  position)  of  a  polycyclic  aromatic, 
prepare  a  thio  derivative,  ring-close  this  compound  in  1-2  steps,  and  then 
rlng-open-the-latter  to  give  the  desired  or tho-mercapto-amine_ derivative. 
This  material  is  then  reacted  with  glyoxal  to  yield  the  Schiff  base  (XV) 
(without  M),  which  serves  as  the  chelating  ligand.  Tne  "tying-up"  of 
the  nitrogens  through  the  formation  of  the  Schiff  base  nay  add  to  the 
desired  stabilization  of  these  materials,  since  other  compounds  containing 
only  the  sulfur  ligand,  for  possible  ’'radical"  participation  in  these 
complexes,  have  shown  the  desired  thermal  and  photo-stability. 

One  of  the  systens  of  this  type  is  2-aalnoanrhracene.  We  have 
successfully  carried  out  Step  1  in  the  reaction  Scheme  1  outlined  below. 


I. 


•  • 

1  ®  i  o  1  y 


/««2 


AmOAc, 

reflux 


-•  -• 

/  V  V  \ 

kVxVxV 


=■4^0' 


xylene  (reflux) 


K3Fc(CN)g 
HaOH,  0-5*C^ 


I  y  y  y 


1)  NaOH,  A 

2)  h'*' 


I  I  I  I 
V  V  'V 


y®2 
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A  much  quicker,  additional  reaction  plan  is  out  lined  below; 


loYoYoi 


"V-5 

X 


1  or  2  step  , 
ring  opening^ 


SR 

/ V V  ''Ai 


The  reaction  sequences  should  be  pursued  to  obtain  examples  of  these 
products.  Pyrene  derivatives  also  should  be  investigated,  and  could  be 
made  by  reactions  routes  1  or  II  as  shown  below. 


M 

0») 

I°I 


pentyl  acetate 
refltix 


1°A  8 


i30 

I°I 

V 


xylene  reflux 


i“A  I 


\V\V 

KV 


K^FeCCN)^ 
NaOH  0-5*C 


I  O  1  O  I 


1)  NaOH, 


SH 

•  • 

I  o  I 
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e.  Indoles  and  benzoxazoles. 

f.  Additional  condensation  products  of  squaric  acid,  rhodlzonlc  acid, 
or  croconic  acid  (Type  V  compounds). 


g.  Additional  Type  11  and  Type  111  structures. 

h.  Polymers  such  as  polyvinyl  alcohol  vhlch  might  absorb  very  strongly. 
For  absorption  in  the  0.694  pm  region,  we  would  suggest  synthesizing 

compounds  of  the  following  structures.  The  table  below  illustrates  that  a 
change  of  the  coordinating  metal  alters  the  spectral  features  of  the  compounds. 
Compound  Metal  X  max  (um) 


II 

V 

0.80, 

0.82 

II 

Pt 

0,863 

If 

Ni 

0.92, 

0.927 

If 

Pd 

0.948 

If  the  methoxy  group  is  replaced  by  an  Isopropyl  group,  the  absorption  appears 
to  shift  from  the  near-infrared  toward  the  visible.  For  example, 


-85- 


^•-CH(CH3)3 


has  Its  absorption  maxioum  at  0.828  pm. 

We  would  suggest  the  synthesis  of  a  variety  of  compounds  having  this 
general  type  structure  which  have  selected  metals  as  the  coordination  atom. 
These  compounds  would  Include  -aromatic  nuclei  possessing  either  electron* 
withdrawing  or  electron-contributing  substituents. 

Other  compounds  to  Investigate  further  for  absorption  at  0.694  ym  would 
Include  the  phthalocyanlne  compounds  which  have  good  absorption  properties 
in  the  0.60*0.70  ym  spectral  range  but  little  or  no  absorption  In  the  near- 
infrared  region. 
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